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Programme

Wednesday 11th September (pre-congress day)

9.00—10.15 Surviving sepsis in small animals (K. Gommeren)
10.15 - 10.45 Break & exhibition

10.45-11.30 Fluid therapy in small animals (K. Gommeren)

11.30 - 12.15 Acute kidney injury in small animals (S. Cortellini)
12.15-13.15 Lunch

13.15-14.30 Ventilation in the ICU in small animals (S. Cortellini)
14.30 — 15.15 Fluid therapy and resuscitation in foals (E. Paulussen)
15.15 - 15.45 Break & exhibition

15.45 -16.30 Sepsis and perinatal infections in foals (A. Dufourni)

16.30 — 17.30 Fluid therapy and sepsis in ruminants (B. Pardon)



Our speakers

Stefano Cortellini graduated at the University of Perugia in 2006 and
after two years in private practice in Rome, he then performed a
rotating internship at the Animal Health Trust. He became American
Specialist in Emergency and Critical Care in 2014 following a residency
in ECC at the RVC and is also European and RCVS Recognised Specialist
in ECC. Stefano is co-director of the Renal Replacement service and
loves every aspect of critical care but is particularly focused in
biomarkers for AKI, extracorporeal therapies, sepsis and coagulation
abnormalities.

Stefano is chair of Scientific Committee of the European Veterinary
Emergency and Critical Care society and is Member-at-Large of the
European Veterinary Emergency and Critical Care College.

}v

Ellen Paulussen

Ellen Paulussen completed her studies as a veterinarian at Ghent
University in 2013. She then followed an equine rotating internship at
the Surgery department. Immediately afterwards, Ellen started as a
resident at ECEIM (European College of Equine Internal Medicine) under
the supervision of Gunther van Loon at the department of Large Animal
Internal Medicine of Ghent University. In 2018 Ellen worked part-time
at the Lingehoeve veterinary medicine in the Netherlands and part-time
as a practical assistant at the faculty of veterinary medicine at the
department of internal medicine. Currently Ellen is doing a PhD in
equine cardiology in Ghent.

A

2005 —2012: Bachelor and Master of Veterinary Medicine — Ghent
University - Belgium

2012 —2014: Equine Veterinary Surgeon in Ambulatory Practice

2014 - 2015: Equine Rotating Internship Ghent University, Option
Internal Medicine

October 2015 — March 2019: European College of Equine Internal
Medicine Residency at Ghent University — Department of Large Animal
Internal Medicine Residency completed - Credentials accepted —
Waiting to sit the exam

February 2016: Certificate in laboratory animal science

March 2019 — present: PhD in Equine Cardiology at the Department of
Large Animal Internal Medicine, Ghent University

Kris Gommeren

Kris Gommeren graduated in 2002 at Ghent University, where he
performed an internship and a residency in internal medicine. He
become a diplomate in internal medicine in 2009, and briefly worked in
a private referral practice, before moving to Liége University, where he
is in charge of the ECC-service. He obtained his PhD on the effects of
systemic inflammation on the cardiovascular system. In 2017 he
became diplomate in emergency and critical care. Kris is actively
involved in the European Society of Emergency and Critical Care
(EVECCS), of which he currently is past-president. He is consultant for
an international veterinary company, working on the development of
emergency and critical care facilities and the training of personnel. His
main fields of interest are point of care ultrasound, the cardiovascular
system, fluid therapy and the assessment of volume status.




9.00-10.15
Surviving sepsis in small animals

(K. Gommeren)
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LIEGE
SURVIVING SEPSIS IN SMALL ANIMALS
) e

KEY FACT SEPSIS
HUMANS ARE ANIMALS
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SURVIVING SEPSIS CAMPAIGN 2004-2008

Special Article
Surviving Sepsis Campaign: International guidelines for
management of severe sepsis and septic shock: 2008

R Phillp Deinger, MD; Michedl M. Levy, MD; Jean M. Cariet, MO; Juian Sion, MD: Margaret M. Parker, MD:; Roman Jaeschike, MD:
Konrad Rsinhart, MD; Derek C. Angus, MO, MPH. ClvisBan Brun-Buisson, MD; Richard Beale, MD:; Thiemry Catandra, MO, PhD;
Jean-Francoss Dhainast, MD; Herwg Gertach, MD; Mausens Harvey, ROt Jotn . Marid, MD; Jobn Marshial, MD; Marco Rankert, MD;
Gratham Ramszy, MO: Jonathan Sevransky, MO; 8. Taylor Thompson, MD; Sean Townsend, MD; Jefirey S. Vender, MD.

Jarice | Zmmerman, MD; Jean-Louts Vincent, MO, Ph0; for he intemational Suniving Sepsis Campaign Guideines Commilies

T — s (@

EFFECTS OF THE 2008 GUIDELINES

Orgal Revearch

Epidemiology and Changes in Morullty :_:-;_-:__—_

of Sepsis After the S ———
Surviving Sepsis Campaign Guidelinu SSAGE

HMoztality 53 to 37%...
S
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EFFECTS OF THE 2008 GUIDELINES

It Cae Med
D00 0 1008 4.

The Surviving Sepsis Campaign: results of an
improvement program targeting severe sepsis

[Moztality 37 to 30%...

Surviving Sepsis Campaign: International
Guidelines for Management of Severe Sepsis
and Septic Shock: 2012

R Phillip Dadlinsger, MDD Mitchell M. Levy, MIY; Andrew Rhodes, MB BS' Diillali Annatie, M

Y Stever M. Opal, MDD fonathan E. Sevransky, MD'; Charles L. Sprung, MD*
Tiffany M. Osborn, M, MPH''; Mark E. Nunnalty, MD'

Gerlach, MD, F

iglas, MDD Romman Jaeschie, M
Townsend, MD'; Konrad Reinhart, MD'; Rath M. Kieinpell, PhD, RN-CS"
Angus, MD, MPH' Clifford S. Deutschman, MD, MS”; Flavia R. Machado, MD, PhiY

1 D. Rubenfeld, MD'; Steven A, Webb, MB BS, PhD*: Richard J. Beale, MB BS

s Vincent, MD, PRD?; Rai Moreno, MD, PhD™; and the Surviving Se

including the Pediatric Subgroup*

Format Absvact « Bond to v

Gar M, 1996 Avg 23) 14300
Corticosteroid treatment for sepsis: a critical appraisal and met:
Crooin.", GooK O, Gadal. baand 0. 5000, hAOAMDANA. Elber Gk

@ Author Information

nalysis of the literature,

Abstract
OBJCTIVEL To determin tho effect of corlicosteroid therapy on marbidity and mortally in patients vith sepsis
DATA SOURCE 8; We searched for published and unpublished research using ME| EMBASE. and the Science Citation Index, manual
‘wearching of Index Medicus, citation review of relevant primary and review articies, peraanal files. and contact vth primary investigators
LECTION: From & pool of 124 polantiall relevant articlos, duplcate independent review identfiad nine relevant. randorized,

in d soplic shock among critically Il adults

s1uoY

DATA UXTRACTION: In duplicate, Independenty, vio abstracted key data on population, intervention, outcome, and methodalogic qualty of
the randomized controlled tiale

DATA SYNTHE appoar ok 1
Intorval 0.99 10 1.20), and have 1o benefilal affact In the subgroup of patients with seplic shack (relative risk 1,07, 95% confidance intorval
09110 1.26). Sludies with the highest methodologic qu Jggest a trend foviard increaved mortally overal (relafive riak 110,
95% confidence inferval 0,64 o 126). A simlar i shock (relative sk 1.12, 95% confidence interval
09510 132) No difference in secondary infection o d-troatod pationts with sepsis of septic shock
Howover, there s & trend " (rolative 19k 170, 05%
confidence (nterval 070 10 4.12). The occurrence rate of gastrointestinal bieeding vas ncreased slightly in the treatment group (relative risk

3,0

117, 95% confidence interval 0.79 1o 173)
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CRITICAL ILLNESS-RELATED
CORTICOSTEROID INSUFFICIENCY

Effect of Treatment With Low Doses of
Hydrocortisone and Fludrocortisone on
Mortality in Patients With Septic Shock

w NEW ENGLAND
JOURNAL of MEDICINE

STEROIDS IN SEPSIS
R TWO-FRCED STORY

» Increase cardiovascular function
+ Decrease vascular permeability

* Maintain vascular tone
- Incroased sensifivi . i otensinll
+ Suppress production vasodilators (NO)

+ Decrease inflammatory response
+ Bronchodilation
+ Increase circulating volume

= Ensure glucose availability to tissues

STEROIDS IN SEPSIS
R TWO-FACED STORY

*Long term complications
= Infection rates
= Wound dehiscence
= Thromboembolism




Intensive Care Mo
DO 101007400134 017-4819-5

CONFERENCE REPORTS AND EXPERT PANEL

Guidelines for the diagnosis
and management of criti S \related
corticosteroid insuffie*
patients (Part |
(SCCM) and” ociety of Intensive Care

Djillali Annane'”, Stephen\t Fastores™, Bram Rochwerg®, Wiebke Arlt®, Robert A Balk’,
Albertus Beishuizen, Josef Briegel’, Joseph Carcillo?, Mirjam Christ-Crain?, Mark 5. Cooper™®,
Paul E Marik'!, Gianfranco Umberto Meduri®, Kaith M. Olsen'?, Sophiz Rodgers'*, James A, Russell's

and Great Van den Berghe'®
s (@)

AVAMeet

Clinical Practice Review oumad o teary Emarancy an CricalCom 3301} 018, 107112

Controversies surrounding critical
iliness-related corticosteroid insufficiency
in animals

Jamie M. Burkitt Creedon, DVM, DACVECC

Abstract

corticomtern
lished diag

Objectives =
i

pes
Etiology = Critical il
o

#
Diagn

n p «
CIRCL
Progmasis = If the patient survives the critical iiness, prognosss for resolution of CIRCI and hydrocortisone
e
[y vt @

SURVIVING SEPSIS CAMPAIGN 2016

Treating sepsis: the latest evidence

T — @
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SIRS = SEPSIS
EMPHASIS ON LIFE-THREATENING RATHER THAN INFLAMMATORY

= Clinical SIRS diagnosis (Hauptman et al.) o~
= Hypo- or hyperthermia <38,0/>39,2°C "“
= Tachycardia >120beats/min
= Tachypnea >20breaths/min
= Leukocytosis or leukopenia<6000/>16000x10%/pL
+ Band neutrophils >3% . r .
%o o , o
* Screening via gSOFA (>2/3) ® v o %
* Mentation GCs<18 0% 2 % /
+ Blood pressure SAP<100mmHg b o °
« Respiration RR>22bpm %0 ° 0.0 §o°
+ Doesn’t define sepsis, indicates high risk patients L L0a"%

ORIGINAL ARTICLE.

Prognostic accuracy of SIRS criteria, gSOFA score and GYM
score for 30-day-mortality in older non-severely dependent
infected patients attended in the emergency department

1 Gonzhles del Castilla* & - A, lulm«lml + F. Gowbles-Martines
P Pifera®

\| Martinez-Ortiz de Zarute® - ¥ n-;--uu-. M. Debin Ferninder'™
1. Gumazi ol Rl « .3, Gareia- amberochis' 1. . Marta-Sdnches'
representing the Infectious Divease Group of the Spanish Emergency Medicine Saciety
(vee addendum)

AUC
+ GSOFA 0.69 (95% CI 0.61-0.76; p < 0.001)
+ SIRS  0.65 (95% CI 0.59-0.72; p < 0.001)

RVA Meeting - Sepsisin Compaio
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Interprating the ROG

SIRS V§ OSOFA 1

» gSOFA score > 2
= sensitivity 28% (95% CI 18.2-39.8)

» specificity 94% (95% CI1 91.9-95.1) g
i S
Predict 30-day mortality i ol
SIRS 2 2 moderate Sens & Spec P Gp&’ POD = POFD
gSOFE 2 2 poor Sems & high Spee | £ | O o

« Lactate debated, but not agreed...

1 - Sepsis in Companion Animal

SURVIVING SEPSIS CAMPAIGN 2016

Paediatric

w RED FIAGS... THINE SEPSIS]

Surpected or proven infaction AND has 1 of th following:

)

o
<,
%
2385

Core temperature. LGS Tnappropriote tachycordia

F ncreas
respiratory
-5 4 rate

2}

prolonged capilory refill .
Suspect sepsis. Say sepsis. Save someone’s life .;v

B
|

SEPSIS 3.0
EMPHASIS ON LIFE-THREATENING
RATHER THAN INFLAMMATORY

=Sepsis now was severe sepsis
= Implied organ involvement

=Mortality increases with organ dysfunction
=SOFA (= sequential organ failure assessment) score >2

+ Neurologic Coagulation
- Hepatic Respiratory
+ Renal Cardiac
AVAMeating - SepaisinCo s Twovaots @
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SEPSIS 3.0
EMPHASIS ON LIFE-THREATENING
RATHER THAN INFLEMMATORY

=Septic shock
= Increased likelihood of death
=Despite adequate volume resuscitation
= MAP <65mmHg
= Lactate > 2,0mmol/L

DISEASE ENTITY = EFFECT ON BODY

Septic Peritonitis Septic Shock (Sepsis-3.0)
+ Microbial contamination of the + Organ dysfunction (SOFA >2)
peritoneum . .
"+ Inl ation Decrased perfusion

: + Circulatory
= Ascites
+ Cellular/metabolic/ problems

- Fever
+ Gl-symptoms = Associated with mortality

SEPTIC PERITONITIS = SEPTIC SHOCK

Septic Pexitonitis, i - - Septic Shock

G poc‘y§ % « Hypotension

Abdomen A + MAP<65mmHg
“Rstitey / + SAP<80-90mmHg
) xn‘
3 » Hyperlactatemia

~ntfadlilular bacteria 4 ,}2
P a7 > = + >2,0mmol/L
Hyperlactatemia e "
Hypoglycemia 3 - Insufficient/transient response to
d fluids

8/19/2019
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Lactate as a Diagnostic Test for Septic
Peritoneal Effusions in Dogs and Cats

Lactate concentration in peritoneal fluid was evaluated and compared to blood lactate concen-
tration in dogs and cats with septic and nonseptic abdominal effusions. All dogs with septic effu-
sions had a peritoneal fluid lactate concentration >2.5 mmol/L and a peritoneal fluid lactate
concentration higher than blood lactate, resulting in a negative blood to fluid lactate difference.
In dogs, the diagnostic accuracy of the peritoneal fluid lactate concentration and the blood to
fluid lactate difference in differentiating septic peritoneal effusion was 95% and 90%, respective-
ly. Peritoneal fluid lactate concentration and blood to fiuid lactate difference were not accurate
tests for detecting septic peritoneal effusions in cats. J Am Anim Hosp Assoc 2004:40:364-371.

@

Comparison of Peritoneal Fluid and Peripheral Blood pH.
Bicarbonate, Glucose, and Lactate Concentration as a Diagnostic
Tool for Septic Peritonitis in Dogs and Cats

T — s @

LABRADOR, FS, 2Y0
ol Bioo | Aeces i |

= T-protein 49g/L Glucose 45 1ow [l

- Cellularity 26000/pL Lactate  [HENNN © [z8 |

Total |Cellularity| Pathophysiology
protein | (cells/uL)
(g/L)
<28 <1,800 Oncotic pressure |
Modified 25-50 | 1000-7000 |Hydrostatic pressure
transudate
[Exsudate >30 >7000 Permeability T

O @
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= =
Plasma lactate concentrations in septic b’
peritonitis: A retrospective study
of 83 dogs (2007-2012)
Sedano Cortelnd, DVAL MECVS: Moyan Seh, B, EVehdod, DACVIM,

orz010 @
SURVIVING SEPSIS CAMPAIGN 2016
=
EARLY GOAL DIRECTED THERAPY IN SEPSIS
THE PENDULUM SWINGS...
\J ‘ l' L
o)




EARLY GOAL DIRECTED THX

RIVERS 2001 (=

Mortality

+BSAA

e

30.5 % EGDT
46.5 % Control

—
PAPER

Low central venous oxygen saturation
is associated with increased mortality
in critically ill dogs

D e —

Journal of N eterinary Eowrgency
and C

Changes in tissue perfusion parameters in
dogs with severe sepsis/septic shock in
response to goal-directed hemodynamic
optimization at admission to ICU and the
relation to outcome

e

EARLY GOAL DIRECTED THERAPY
PUBLICATIES BI] HONDEN

=JSAP 2011 Hayes, Mathews =JVECC 2012 Conti-Pantara

PCV .
-MAP ~ Mortality =Lactate ~ Mortality
=T =BP
*SpO,

U

8/19/2019
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* Specific ICU subpopulation

* Small sample size
Central
Venous Line ¥ o * Focused on CV parameters
. - * Time spent in placing lines

1 « Lack of focus on other aspects
| 3 .
. + Fluid choice

[,
Venous Line

{===s = 1 + Antibiotics
: =1
F— * Rivers study 40% mortality

« 15 years later 20% mortality

AVAMesting

| MY 1, 2014 oL Mo |

A Randomized Trial of Protocol-Based Care for Early Septic Shock

2014
Goal-Directed Resuscitation for Patients
with Early Septic Shock

2018
Trial of Early, Goal-Directed Resuscitation
for Septic Shock

| Ceram D et JUNE 30, 2011 o o |

Mortality after Fluid Bolus in African Children with Severe Infection

EGDT HEMODYNAMICS

A positive fluid balance is an independent L
prognostic factor in patients with sepsis

Fluid Overioad in Patients with Severe Sepsis and Septic Shock
Treated with Early-Goal Directed Therapy is Associated with
Py o < Increased Acute Need for Fluid-Related Medical Interventions
———s ~“"" " and Hospital Death

Diana J. Kelm, MD', Jared T. Perrin, MD', Rodrigo Cartin-Ceba, MD' %, Ognjen Gajic,
MD'Z, Louls Schenck, MS”, and Cassie C. Kennedy, MD'

i

B
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Circulatory Shock

Cumalive s balaace

Phase Focus

EGDT
HEMODYNAMICS

= Conservative fluids > liberal fluids
«EGDT isn’t beneficial...

= A quest for
= Optimal volume delivery
= Endpoints of resuscitation

SURVIVING SEPSIS CAMPAIGN 2016

Treating sepsis: the latest evidence

@

8/19/2019
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An alternate pathophysiologic paradigm of sepsis
and septic shock
Implications for optimizing antimicrobial therapy

The advent of modern antimicrobial therapy following
the discovery of penicillin during the 1940s yielded remark-
able improvements in case fatality rate of serious infections
including septic shock. Since then, pathogens have continu-
ously evolved under selective anti ial ]

clogic paradigm of septic shock fails o appropristely consider

driver of septic organ dysfunction. An shemate paradigm is
offered that suggests that has substantial implications for
optimizing antimicrobial therapy in septic shock. This model
o g

ent] : [

in & lack of significant i dliriieal ff s
the antimicrobial therapy of septic shack despite ever mare
braad-spectrum and potent drugs. In addition, sithough sub-

eat part, with
improvements in delivery of existing antimicrobials and ather
anti-infectious stategies. Recognition of the role of delays in

stantial effart has been expended on the develop-
ment novel non-antimicrobial therapies of sepsis in the past
30 years, clinical progress in this regard has been limited. This
review explores the possibility that the eurrent pathophysi-

AVAMesting - Sepis in Comparion Animals

INFECTIOUS CONTROL

= Rivers EGDT

« Antibiotics given faster in the EGDT group

= Kumar et al. Critical Care Medicine 2006

« 5% of patients receive proper antibiotics within 30;

» 75% survival rate

« Every 1 hour delay survival drops by 7,5%

= Confirmed in
= Ferrer et al 2014
= De Sousa 2008: 6(3); 323-327

'RVA Meeting - Sepsia in Companion Animals

INFECTIOUS CONTROL

= Wait until cultures performed
+ Moving patients

= Lack of communication

= Lack of protocol

= Chain of command

= Forgotten
= Didn’t consider sepsis
- Immunodeficiency...

RVA Meeting - Sepsisin Companion Animals

of antimicrobial therapy in the poor outeames
of sepiic shock is central to this effort. Howeves, therapeutic

strategies that improve the degree of BRmIEroBial cidality

iy asc have & cruciel role.
s (@)

7 -
FPIPR b0 Sy

e from hypotsesion onee (s

—

ik

O
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ACTIONS

speak louder than

WORDS.

We can apologize over
and over again,

but if our actions don't change,
then the words become

SURVIVING SEPSIS CAMPRIGN 2016

SHOCK RESUSCITATION
ISOTONIC — HYPERTONIC CRYSTALLOIDS

Then why don't we use colloids anymore?

8/19/2019
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The fall of HES

J. Boldt — one of the most prolific advocates of HES

Examination of articles authored or co-authored
by J. Boldt (since 1999...)
~ Missing ethical approval

— No formal consent by study
participants
- False data reported

Retraction of 94 publications!
No harm for the patients

11/0/2019

THE COLLOID DEBATE , ﬁ

Current use of HES
- small animals

* Fluids used for colloid-osmotic support

11/08/2019

“fs



HES IN DOGS

- Experimental design
+ 16/20 dogs with HES deposits in kidneys

« Proximal & distal tubules
+ Osmotic nephrosis
« Severe vacuolisation

+ No clear clinical evidence after administration to healthy dogs
+ Osmotic nephrosis described in 1 dog with previous ARF...

AVA Meeting - Sepsis in Companion Arimals

'RVA Meeting - Sepsia in Companion Animals

ALTERNATIEVEN VOOR HES?

Canine-specific albumin

8/19/2019

The use of canine-specific albumin in dogs
i

with septic peritonitis

5% albumin solution
TAlbumin for 2ah

No adverse reactions

1 dog died 120 h after transfusion

Safe?

RVA Meeting - Sepsisin Companion Animals

1
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SURVIVING SEPSIS CAMPAIGN 2016

Treating sepsis: the latest evidence

FRANK-STARLING

Who do you want to be?.
Patient A

Cc

Patient C

WHO BENEFITS FROM

ADDITIONAL FLUIDS???
.

CHECK LA/RO

Shampoo
Shampooing




CHECK LUNGS
>3 B-LINES

= Comet-tail

= Starts at pleural line
= Moves with lungs

= Reaches to farfield
= Clear contours

= Crosses A-lines

= Hyperechogenic as pleural line

PERSONALIZED care

= Fluid Assessment
.+
= Fluid Responsiveness

8/19/2019

: ;OCUS cvc

: ;OCUS Lungs

: ;0CUS Cardiac
: ;/Ionitoring

'RVA Meeting - Sepsia in Companion Animals

SURVIVING SEPSIS CAMPAIGN 2016




PATHOGENESIS OF SEPTIC SHOCK

= Peripheral vasodilation
= (decreased vascular systemic resistance)

PATHOGENESIS OF SEPTIC SHOCK

Normal permeability Increased permeability of venule
of venule during inflammation

More fuid N
Interstitial
Small amount and antimicrobial M
b of fluid g chemicals
m
Monocyle Small amount
of fluid Monocyte squeezing

through interstitial space
(diapodesis)

'RVA Meeting - Sepsia in Companion Animals

VASOPRESSORS

=Vasopressors indicated sooner rather than later
= Increase SVR
= Also venoconstriction
= => Increasing preload
= Frank-Starling
= At the plateau SV may decrease
= In the inclining part SV will increase

e InCreased cardiac function

—— Hormal cardiae function

Stroke Vome

Doereasad eardise function

8/19/2019
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PATHOGENESIS OF SEPTIC SHOCK
CARDIAC FUNCTION

=Despite correct resuscitation

+ Systolic function

« Diastolic function |
* Ventricular dilation

= Impacts
+ Prognosis
» Stabilization

MYOCARDIAL DYSFUNCTION/HIBERNATION

=Ilary to
= Inflammatory cytokines
= TNF-a
= IL-1
=NO
= Calcium homeostasis

'RVA Meeting - Sepsia in Companion Animals

CINTIN SIRS | swwmmimsmen

s

NEGATIVELY ASSOCIATED

¥t . WITH PROGNOSIS

Jors b e
Ll 1O .

sl T@ T © T .
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NT-PROBNP IN SIRS

= Rises 24h to 120h after presentation

[rm—"
%E B
H -
HMEEIEIEIEIEIES s
T N N I m
T e i) ) s ) N
AVAMasng -5 " Wwovzois @
s o 3012 012800116625 6ot 10 108TEC 801363126008
{lomuummmummmlmm psis: cardiac report ]
2

Versaca P P

# Author information

Abstract
Although infemationa quidelines for hemodynam

/pport of pediainc septic shock suggest considering te potent caichum sensiizer

modilator levosimendan as a second-ine nolropic agent to treat cokd hypodynamic shock resistant 1o catecholamines, clinical expenence in

sepiic infants s lacking. We report the beneficial eflects of levosimendan infusion in 2 nfants (
fic SHock (E)ECHON fraction, 29% and 33%; ractional shorfening. 10% and 16% fespecti
techolamines dopamine and dobutamine Levcsimendan infusion (0.15 gkgimn) prompt
contractiity and improved tissue pertusion. !
nypotension i one in

9 and 64 days old) with ko
) refractory to volume repla
Increased both patents' myocardal

ey r0ucing actale levels and Increasing une output The only adverse efect was moderate
ant, who reversed by a0dIng norepnephme 10 levosmendan This Cinical experience Conrms the pofential benzicial

cargac output
ement and 1o the

effects of levosimendan infusion 10 fesiore DeMOdyNAMICS in ifants with low candiac output sepoc shock resistant 10 catecholamines

'RVA Meeting - Sepsia in Companion Animals

SURVIVING SEPSIS CAMPAIGN 2016

Treating sepsis: the latest evidence

RVA Meeting - Sepsisin Companion Animals

8/19/2019




URINARY OUTPUT

= Information about
» Fluid status
* Renal function
+ Early alarm signallll
+ Azotemia
* Electrolytes
+ Volume overload

- Dehydration
= Risk
« Infection!!!
AVAMoeting -Sopss in Compnion Animal

'RVA Meeting - Sepsia in Companion Animals

1170872008

WAS THIS RELEVANT?

Implementation of the Surviving Sepsis Campaign
guidelines

@

Vikramjit Mukhavjes and Laura Evans
Purpose of review

Early ‘and
showing the benefits of ea:

of sepais improves culcomas. ing data

freatment of sepsis and sepiic shock, implementation of such

ovidence-based therapy is suboptimal. This review describes methods that have been shown 1o improvs
side application of the evidence based guidelines.

Recent findings

Tha Surviving Sey

Despite convi
ly recognition and

piis Campaign (SSC) has developed guidelines for the management of severs sepsis and
sepiic shock. Tha Initicl SSC guidelines were published In 2004; o

Guidelines wen updatad, with the most recent iteration published in 2016,
lake yeors 1o change clinical pracice. To affect more rapid chany
bundlas 1 impact Behavior change in a simple and unilorm way

bundins, aducation,

regulatory effons, sepsis
'RVA Meeting - Sepsia in Companion Animals

e @
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10.45-11.30
Fluid therapy in small animals

(K. Gommeren)
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) LESE

Be aware that this presentation
may have been adapted until
the very last minute prior to
the presentation ©
All apologies for the
inconvenience

AAAAAAAAAAA Flid Therspy @

TOTAL BODY WATER

= 60% of BW
« (80% in neonates)

Intravascular  Interstitial = Intracellular

33
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BODY WATER
EXTRACELLULAR

Intravascular  Interstitial

Key to pressure vaiuss:
HP, &t anedialenc = 35 mmHg P, =0mmHg O, = 1mmHg
HP; a vencus end = 17 mmMg O, = 26 mm Hg

%



ONCOTIC PRESSURE
COLLOID OSMOTIC PRESSURE

/ /

BODY FLUID
EXTRA VASCULAR

8/19/2019

%4



EXTRA VS INTRACELLULAR
ELECTROLYTES. ..

‘huid Intaceliutar
(bhood fud

- 0

0SMOTIC VS ONCOTIC PRESSURE

OSMOTIC ONCOTIC
- | Semipermeable
9P / membrane
TP e
3eFee. %0 ®

OPTIONS

+ Hypotonic fluids

+ Isotonic crystalloids
= Replacement fluids
+ Maintenance fluids

+ Hypertonic crystalloids
» Colloids

= HES

* Dextranes
= Blood products

= Plasma

- pRBCs

+ (Human albumin)
+ Oxyglobin
AVAMeeting - Fid Terapy

8/19/2019




ISOTONIC CRYSTALLOIDS

HERTMAN/NECL/RINGERS / PLASMALYTE

8/19/2019

= Isotonic = 300 mOsm/L Osmol. | Na Cr .
[Na'] ~ 140 mEq/L Product | osmt | mEq/t | mEqr | K MEVE
CHO+
. Electrolytes +/- Hatman | 209 | 140 | 98 5
+ Buffer
» Perfect exchange IV - IS NaC109% | 310 185 185 0
+ Electrolytes 23D
+ Glucose 180D Rmingers | 273 | 130 | 109 4
* Within 30 min

ISOTONIC CRYSTALLOIDS

HERTMAN/NACL/RINGERS / PLASMALYTE

= NaCl0,9%
- [Na+] > plasma
- [cH] >>>>  plasma
« For daily use requires compensation

= Might be nice in case of cerebral contusion

= Severe acidosis calls for a buffer
= Lactate to be avoided when liver failure
« Acetate

ISOTONIC CRYSTALLOIDS

HERTMAN/NACL/RINGERS / PLASMALYTE

= 111 IS compartment
- Interstitial-
« Intracranial- [==—=4
+ Pulmonary-

* Hemodilution
. Hypoproteinemia  EEEED>
+ Anemia

—>
- Hypocoagulability  pmy

Edema

Colloids
PRBC’s
Plasma

4



8/19/2019

ISOTONIC CRYSTALLOIDS
HARTMAN/NACL/RINGERS/PLASMALYTE

W Intravascular @ Interstitial @ Intracellular

HYPERTONIC SALINE

+ H,O interstitial/int shifts i 1y
* Restored balance within 30 min

+ Often requires follow-up administration

1
o
- > )
s P
- Dose : ol
* NaCl7,5% 4-6 mL/kg 4 >

= NaCl 8% 8-12 ml/kg

HYPOVOLEMIA

AVAMeeting - Flud Therapy

HYPERTONIC SALINE

= Indications

+ Hypovolemia (trauma...)

- Headtrauma

« Pulmonary contusions
Additional benefits
= CV-system

« Increased preload

- +inotrope

- Improves microcirculation

* Immune system
« Decreased neutrophil burst activity
« Modulation cytokines
- Oxygen radical scavenger
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HYPERTONIC SALINE

m Intravascular @ Interstitial

o Intracellular

AVAMeeting - Fluid Therapy

1wowzore @

COLLOIDS

= Molecules > 35 kD
= Proteins

= Plasma
+ Human albumin
- Oxyglobin

« Carbohydrates

- Interstitium = 1 mmHg

+ Intravasculair = 25 mmHg

AVAMeeting - Flud Therapy

COLLOIDS F3

]
VOLUVEN - HAES ) \

« Starches
« Larger molecular weight
» Higher MW equals prolonged halflife
« Fewer particles = decreased “pull”
« DOS : Degree of substitution
« Amount of starches with hydroxylations on C2 or C6
* Higher DOS equals prolonged halflife
= Indications
« Hypovolemia/hypotension
« Hypoproteinemia
+ Leakage/vasculitis
- Sepsis
« Anaphylaxis

AVAMecting - Fluid Therapy

3
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COLLOIDS

VOLUVEN - HAES

m Intravascular @ Interstitial o Intracellular

COLLOIDS

VOLUVEN - HAES

* Risks
« Coagulopathy
+ Platelet/VwF/Factor XIIl function
+ Prolonged APTT and platelet closure time
« Product & dose dependent

= 20 mlv/kg/d

COLLOIDS

VOLUVEN - HAES

= Risks
« CV Overload
+ 1 Viscosity
+ 1 Peripheral resistance
« 1 Afterload

- 20 ml/kg/d
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COLLOIDS

VOLUVEN - HAES

= Risks
- (ARF)
+ Larger molecules
+ Fluid shifts
+ Decreasing GFR
+ Hypertonic glomerular filtrate
- Dehydrates proximal tubular cells
- Direct toxicity after deposit in renal cells

+ [Anaphylactic shock (0.033%)]
- (gelatines < carbohydrates < dextrans)

FLUID THERAPY IN PRACTICE

Dehydration

Hypovolemia

FLUID LOSS
DEHYDRATION

= Clinical Exam

* Mucous membranes

- 3 [Rpe—
- Eye position
= Skin fold s Mo o skis ety
o e b by, deened ket ot
* Complementary Exam

s e e b et T
+ Het/PCV

+ Tpro/alb B8 The s+ dy pole mm, CHT >loec

- Azotemia

+ Urine specific gravity s Somctec oeh




DEHYDRATION

+ Substitute slowly

= Faster evolution = More agressive therapy

« Isotonic crystalloids
+ Calculation

- ~% Dehydration
X Weight

-/ Desired time
+
+

Maintenance

AVAMeeting - Fluid Therapy

FOLLOW-UP DAILY FLUID PLAN

= Clinical parameters
= Skin fold
« Eye position
= Moisture mucous membranes

= Complementary exam
- T-pro
= Albumine
* Ureum/Creatinine
- Urine specific gravity
« Urine production
« Weight evolution

AVAMeeting - Flud Therapy

INTRAVASCULAR
FLUID DEFICIT

= Vasoconstriction
= Pale

= Tachycardia

= Weak Pulse

= CRT }

= Cold extremities

AVAMecting - Fluid Therapy

(Estimation)
(Exact)
(Choice)
(Relative)

Ongoinglosses  (Estimation)

1wowzore @
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RESUSCITATION?
EVALUATE SHOCK

= Decreased systolic blood pressure

- SAP <90mmHg
<80mmHg

» Lactate >2,0mmol/L
>2,5mmol/L

FLUID RESUSCITATION
TYPES OF SHOCK

= Hypovolemic
= Obstructive RESUSCITATION

= Distributive

= Cardiogenic => NO RESUSCITATION!!!

C YoueANT
FIXSTUPID

Bt you can treat it with
Blecio Shock Therapy

EFFECTS OF RESUSCITATION FLUIDS

Fluid Post-infusion (P<0.05)

0.9% saline () 76.4£10.0% (HS, D,
HES)

7.5% saline (HS) 17.143.2%

Dextran70 (D) 23.0£10.5%

Hetastarch (HES) 27.2£6.4%

Control (C) NA

30 minutes (P<0.05) 240 minutes (P<0.05)
35.2£9.3% (HS,C) 18.0£9.7% (C)

12.30.9% (D,HES) | 2.946.1% (D, HES)

35.9+7.3% (C) 25.6£16.1% (C)
36.8£6.5% (C) 26.6£8.6% (C)
~0.245.8% ~3.743.4%

8/19/2019
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EFFECTS OF RESUSCITATION FLUIDS

=
£
=
=
=
E = 40 |
= £ 30
= 30
f:.j’ 10
=1 o
-10
o
AVAMesing - Fuid Therapy

30 60 a0 120 150 180 210 Z40r
Time (minutes)
wosaons @

EFFECTS OF RESUSCITATION FLUIDS

Isotonic 80ml/kg  ((76%) 35%
Colloid 20ml/kg  25%  36%  26%
Hypertonic 4ml/kg  17%  12%

= Start with isotonic crystalloids

= Add or switch to whenever indicated/required
= Low oncotic pressure — Colloid
« Pulmonary-/Cerebral contusions - Hypertonic

AVAMeeting - Flud Therapy

MONITORING

SHOCK -

» Clinical parameters

* Heartrate
- Pulse quality

+ Mucous membranes
- Capillary refill time
- Temperature gradient (rectal versus limb)

= Mentation

« (V.jugularis/saphena)

s @

INFUSION

» Complementary exam [ /
« Blood pressure N ,) F
- Lactate 3
« Central venous pressure ~ i
AVAMooting - Thrapy wovaois @
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LACTATE KINETICS

« Lactate T whenever anaerobic metabolism
+ Importantfor emergencies

= Human medecine
« Lactate ~ prognosis
+ Evolution most important

= Veterinary
» Lactate ~ prognosis in ICU and GDV'

(Lagutchik, Ogilvie etal. 1 app. Drobatz et al. 1
+ Evolution most important
(el Lobetti et al. 2004 ; Stevenson. Kidney et al. 2007)

EGDT HEMODYNAMICS
. Y——

RESEARCH Oper

A positive fluid balance is an independent O
prognostic factor in patients with sepsis

¢ Fluid Overload in Patients with Severe Sepsis and Septic Shock
oo Treated with Early-Goal Directed Therapy is Associated with
Increased Acute Need for Fluid-Related Medical Interventions
and Hospital Death

Diana J. Kelm, MD' 2, Jared T. Perrin, MD'. Rodrigo Cartin-Ceba, MD', Ognjen Gajic,
MD'Z, Louls Schenck, MS®. and Cassie C. Kennedy, MD'Z

8/19/2019

S

FRANK-STARLING

Who do you want to be?
Patient A

«+=+ Increased cardiac function

_L——— Normal cardiac function

Patient C

folume

WHO BENEFITS FROM
MORE FLUIDS???

C A

Preload
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HOW DO YOU PERFORM FLUID RESUSCITATION?
ISOTONIC CRYSTALLOIDS

= 111 Extravascular compartment

« Pulmonary
« Interstitial edema 5 (EN‘D
« Intracranial i_:n 2 )
Girlfri (END)
= Hemodilution BOyﬁ1 (END)
+ Anemia 1
- Bypoprotinemia Dett (D)
« Hypocoagulability

Everything has an end.
PIZZA DOESN'T

FLUID OVERLOAD

= Fluid overload in critically ill human patients is associated with longer
italization, i i ilation, acute kidney injury, abdominal
organ ion and i mortality

FLUID STEWARDSHIP

= There is a trend in the human profession towards what has been termed* fluid

stewardship”
« The 4 D's of fluid therapy: drug, duration, dosing and de-escalation
+ 4-phase “ROSE” fluid itation strategy: imizati

and evacuation

Great in theory.
pragfice

Difficult in

....... SSRVIES N, qrem———
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FLUID STEWARDSHIP
3 POINTS TO FEAR

= The heart (lungs)
« Oncotic pressure  (dose)
« Vessel integrity (efficiency)

FLUID STEWARDSHIP
THE HEART

= Cardiac Congestion
« Preload/Afterload 1
« Venous hydrostatic pressure 1

* Pulmonary edema

« Pleural effusion
« Ascites
_—_— ) % 0
—» Inadvertent administration of shock boluses is dangerous!! Pl )
)

FLUID STEWARDSHIP
ONCOTIC PRESSURE

- Large quantities of crystalloids
+ Oncotic pressure |
» Peripheral edema
* Pleural effusion
= Ascites
— Shock doses become less efficient after 30 minutes

(However, your patit uffer from i id loss??2)




FLUID STEWARDSHIP ‘"""‘ﬁ"_“ FUCK
THE VESSELS

‘normally’ for £ 2%
b
i

-+ H,0
« Electrolytes
= Urea
- Small proteins/hormones/...
= Leakage
» Extravasation
+ Albumine
* RBCs

+ - Hemorrhage (80 mmHg < PAM > 100mmHg)

RO -]

ISOTONIC CRYSTALLOIDS
SWITCHING T0 BOLUS HDMINISTRATION

DEFINING A FLUID BOLUS

- Ideal fluid bolus would be ...
- a discrete volume *
« of a specific fluid *
- administeredat a specified rate*

ing for indivi

+ and with a defined aim (i.e. increase the stroke volume by atleast 10~15% and improve
organ perfusion)

= There is no current agreement regarding exactly what defines a fluid bolus

8/19/2019




Ty r—
ﬁ Journal of Critical Care

Defining the characteristi
A worldwide perspective’

nd expectations of fluid bolus therapy:
gt ke

+ Intensive care specialists in 30 countries
- 3138 responses

W

Vi o i

Fid e Ty T e y £ Y St T
o sz am 5 0m) mam nox 8

. oo H ik o o

e —

Seon Tt o s 1S Cram_omuine e

[ p— Tt B0SY WOGR I)  nen WR0R 17

Highest = @ 4 Tom s =

[Prieimmr sty

o 3
T FR L) 6 o)

e #x
T (O A) B (TN DN (27 AS)

AVAMeeting - Fluid Therapy e U‘m s rew v

PREDICTING
IV VOLUME & FLUID RESPONSE

+ Fluid responders vs non- responders
+ Fluid losses and i

= Arterio-and il together with

and

@

poor fluid responders (50% of patients)

AVAMeeting - Flud Therapy

PREDICTING
IV VOLUME & FLUID RESPONSE

Eaw
me?

Large increase in EVLW

Semal incssase i GO

Large increase in CO
Smal incrsasa in EVLW

Preioad

Britsh Journal of Anaesthesio, 116 (3 3394 (2016)

s @

sion, etc) improve following

. |

8/19/2019

1



PREDICTING
IV VOLUME & FLUID RESPONSE

= Cardiac Output and/or stroke volume
* Gold standard

- Multiple techniques

= Both invasive (the diluti

« Limited

and non-invasive (t

echo etc.)

ityand canbe time

PREDICTING
IV VOLUME & FLUID RESPONSE

+ Dynamic indexes

= Positive pressure ventilation and respiratory variations in
» stroke volume
« systolic pressure Patients with a PPV > 13% may be relatively
hypovolemic and respond to a fluid bolus (the
- pulse pressure

greater the variation the more likely the patientis
aresponder)

| Inspiration , Expiration

, Inspiration Expiration

DYNAMIC INDEXES IN DOGS

Accepted Manuscript

Evabaaticn of
directsd fuie therapy

Mais J. Drozdzyrskas, ¥ie-Msi Chang, Giscomo Stanzani, Lisdovic Peligand

Early goal directed therapy (10 ml/kg isotonic fluid over 10 minutes)

= APPV > 13% or above reliably dicted to fluid loading in
82.8% of canine cases undergoing abdominal surgery

AVAMecting - Fluid Therapy

8/19/2019
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Vot Emern Crt Care (San ATIono), 2018 JuL28(41301-309, 03¢ 10.1111vec. 12728, Epuib 2018 A 13

Evaluation of pulse pressure variation and pleth variability index to predict fluid responsiveness in
dogs.

Sano ', Se0 4", Vightman P, Cave N.", Giaseq MA”, Joson CB', Chambars P

Vit Anaosih Anaig. 2017 Nov,A4(6) 1303-1312. dok 10.10181.va8.2017.07.007. Eg 2017 Aug 25
i Ind-x for o(r}

Endo Y", Kawase K’ V‘ﬂx"oﬂ Sano 12
2Vt Med Scl 2017 ARTRANAY. ms\ 10.1 mar Eoub 23

Stroke volumo v n (S\ \“ pu/ Ise pressure variation (PPV) as mdlcators of fluid
dogs.

577 'uring graded
/CIK ntilated dogs.

Endo Y', Tamura J', Ishizuka. v1 ttami T2, Hanazono K2, Miyoshi K', Sano T, Yamashita K, Muir W*,

LIMITATIONS OF DYNAMIC VARIABLES

* Mechanically ventilated

= Spontaneous respirations
= Arterial line in most cases = Arrhythmias

= Ideal tidal volume?
= Ideal PIP?

= Ideal PEEP?

+ Right heart failure
= Chest wall compliance
* Intra-abdominal pressure

= Pressure curve artifact

Funces ol A s e 01049
[

Practice of hemodynamic monitoring &
and management in German, Austrian,

and Swiss intensive care units: the multicenter
cross-sectional ICU-CardioMan Study

© Annals of Intensive Care

= ®a
. £
+ 1789 patients g
» Invasive arterial 77.9 % F
* Central venous catheterization 5.2 % Ts'
= Cardiac output 12.3 % B

+ Echocardiographic examination 1.9 %

Fretoad Parameters
AVAMesting - P Trezapy @




ROLE OF ULTRASOUND TO PREDICT
BLOOD VOLUME & FLUID RESPONSE
IN VETERINARY MEDICINE?

_ The Journal of TRAUMA® injiery, Infection, and Critical Care

Hypovolemic Shock Evaluated by Sonographic Measurement
of the Inferior Vena Cava During Resuscitation in

Trauma Patients
Youichi Yanagawa, MD, MD. PR 2007

1 blood

Table 2 k.

= IVC di a better i f of shock

of
than blood pressure, heart rate, or arterial base excess?

VETERINARY MEDICINE: CAUDAL VENA CAVA

Z
‘u o
erco;

LLLLL

8/19/2019
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NONINVASIVE ESTIMATION OF CENTRAL VENOUS PRESSURE IN
ANESTHETIZED DOGS BY MEASUREMENT OF F ATIC VENOUS BLOOD
FLOW VELOCITY AND ABDOMINAL VENOUS DIAMETER

Namiax C. Nessox, Wa Ton Drost, Priiup Lercne, Jorn D. Boxacusa

Variables VP (mmH, Mean® SD Mmimum  Maximum

* Roughly Aort - 05 - 079" :» 08 063 092
. . . orta 3 7 3 2

+ 90 ml/kg/hr isotonic crystalloids diameter (cm)+ 6-10 081 010 06l 092

* 30 ml/kg/hr hetastarch 1115 082 010 065 095
1620 082 008 068 091

N N . 21-25 085 0.10 0.70 096

. Transv‘erse and longitudinal aortic and 26-30 086" 014 067 107
CVG diameters Caudal vena 05 09" 013 080 120
* Level of the left renal artery cava diameter 6-10 123% 04 100 147
(em)t 1115 13¢%= 0,13 120 1.53

+ CVC diameter correlates well with CVP 1620 1394 014 123 1.63
0.855 2125 4™ 015 113 157
26-30 148" 014 130 173

CAVAL-AORTIC RATIO AND CAUDAL VENA
CAVA DIAMETER IN DOGS BEFORE AND AFTER
BLOOD DONATION

H ia-B illo 'V, K, Fi 1d E
Quecen Mother Hospital for Animals, The Royal Veterinary College, Hat-
Sfield, United Kingdom

2016

* CVC diameter 15.84 (+/-5.05) mm and 15.82 (+/- 5.42) mm
= Bortic diameter 16.92 (+/-2.25) mm and 15.73 (+/-3.35) mm
= CVC:aortic ratio 0.93 (+/-0.23) and 1 (+/-0.27)

+ Supra-iliac location

= No statistical difference before and after blood donation

—
[

Sonographic ass nt of volacmia:
development and validation of a new
method in dogs Journalof Smail Animal racice 3017)

aorta

caudal vena c Exam duration
K: left kidney Mean * SD:47 + 9 seconds

Before vs. after blood
donation
Ao:1.11vs 1.10cm
CVC#*:1.28 vs 1.01 cm
CVC:Ro rio*: 1.17 vs 1.01

Q
Slide courtesy Cambo cM
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DYNAMIC INFERIOR VENA CAVA
MEASUREMENT

= The thin wall and elastic nature of the CVC makes it a responsive and dynamic blood
vessel
- Size and geometry fluctuate in response to relative and absolute intravascular volume changes
Y

DYNAMIC IVC COLLAPSIBILITY INDEX (IVC-CI)

Expiration Expiration

ier
e AN e N
N N2
\ Spontaneously breathing patient
. 4§ D

> i
dlh N
e e e SO - )

- Inspiration
Spontaneous respiratio

Normo to
hypervolemic patients
Mechanical

ventilation hypovolemic patients

8/19/2019
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IVC-CL, VOLUME STATUS AND OUTCOME

» CVC diameter correlates with volume status and outcome in human patients

™
- Changes

- <20%a edwith hypervolemia

- > 60% a edwith hypovolemia

NORMO, HYPO AND HYPERVOLEMIC:
HUMANS

Spontaneously breathing patients

8/19/2019

Trauma Association of Canada, Fairmont 20117, ing patient:

DYNAMIC CVC CHANGES IN VET. MED.

When measured in proximity to the heart/thorax

+ Subxiphoid view é é
A
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RIGHT INTERCOSTAL VIEW

variation in anesthetized

Corralation of tha ratio of caudal vena cava diametar and aorta diameter with systolic pressurs
dogs.

Static measure as ventilation toget fCVC & aorta
A= prefluid i dog under

B= same doge post 3-4 ml/kg fluid boluses over 1 minute (2-6)
CVC:aortic ratio correlates with systolic pulse pressure variation

d peak velocity an
sponsiveness in anaest

Iienacaa ).

24% for CVCDI (sensitivity, 77.78%; specificity, 73.33)

3 - Fluid Therapy

., Soumalof Veterinary Itermal Medicine ACHIM
sranmano amicie pelli

Establishment of reference values of the caudal vena cava by
fast-ultrasonography through different views in healthy dogs

Esodio Damis’ © | Seren Boysen? © | Anne-Chisting Marvaitie!
Lok Descuibet? | Senge Chiaboub? | K Gommeren!

Poor inter-rater variability More difficult to obtain
Easy to obtain Good inter-1 iabilif
CVC-Imean:0.30 =/-0.12

Mesting - Fluid Therapy 1o

CARDIAC VOLUME STATUS IN VET. MED.

= LV wall thickening, decreased LA size, and decreased LV cavity appear to be a useful for the
evaluation of hypovolemia in dogs

ographic Finings in oge it ypevclenia
Intmational Vetrinary Emergeny and CrticalCareSympeium 2005
510, Durkan; LE.Rus EA Rz 0.1 Broum: L . Frenan

Normal |} " Hypovolem Hypervolemia ~ '

ia

7
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CARDIAC VOLUME STATUS IN VET. MED.

Campbell & Kittloson
J Vet Intern Med 2007:21:1006-1015

CONCLUSIONS

= Little consensus on fluid boluses in veterinary medicine

= Fluid boluses to be balanced against risk of volume overload

+ Cardiac output and stroke volume are gold standards for
determining fluid responders (10-15% increase)

» Dynamic variables are accurate but limited to ventilation

= Point of care ultrasound maybe useful in spontaneously breathing
veterinary patients but requires further study

eting - Fluid Therapy

POINT OF CARE ULTRASOUND: FLUID RESUSCITATION GUIDE

G CVC, HEART AND LUNG ULTRASOUND — ROLE IN VETERINERY MEDICINE?

CVC and heart normal

A}

Fluid challenge
Consider crystalloid — may help and
unlikely to harm
Consider dynamic fluid

responsiveness test O
2018
FLUID RESPONSIVE
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GO WITH THE FLOW

June 4th- 6th 2020

19TH EVECC CONGRESS
60 WITH THE FLOW

=International speakers
= Advanced|
=Refresher streams

*Nurse

=Resident focus

=ECC specialist
= Jean Louis Vincent

19TH EVECC CONGRESS
GQ(ITH THE FLOW

~Different topics
=Blood
=Air flow
=Urine

“Wetlabs
=Tubes and things

=Point Of Care
Ultrasound

.
1170872008

s
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11.30-12.15
Acute kidney injury in small animals
(S. Cortellini)
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Royal
Veterinary
College

University of London

RVC

Acute kidney injury

Stefano Cortellini

DMV, VetMed, Dipl. ACVECC, Dipl. ECVECC, FHEA, MRCVS
Recognised RCVS specialist in Emergency and Critical care
Lecturer in emergency and critical care
Royal Veterinary College
scortellini@rvc.ac.uk
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Early Recognition/ prevention

Acute kidney
injury

S

Acute renal failure

Is it only about the change of name?

RVC

62



RVC

Renal disease:
continuum of functional and
structural abnormalities

» Wide spectrum
* DPossible prevention
* Change of the therapeutic management

« Change of level of monitoring

63



RVC

15% of the hospitalised patients develop AKI!
(1 every 6 patients):
54% of mortality (40-64%)

1. Thoen et al, J Vet Emerg Crit Care 2011 Dec; 21: 648-657

64



KDIGO guidelines

RVC




va Glomerular Filtratiop.Rate (GFR)

HUUAUVILL

Tubular obstruction
[schaemia

Hypoxia
Inflammation
Cellular imjury

Extension
Vascular damage
[nflammation

Coagulation dystunction
. - Ischemia

o Tnflammatian .

Recovery
 Polyuri
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RVC
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AKI Grade

Blood creatinine

Clinical Description

Grade | <1.6 (mg/dl) Non Azotemic AKI:
(<140 pmol/l) a. Documented AKI: (Historical, clinical, laboratory,
or imaging evidence of acute kidney injury, clinical
oliguria/anuria, volume responsiveness$)... and/or
b. Progressive non azotemic increase in blood
creatinine; =0.3 mg/dl (=26.4 pmol/l) within 48 hours
c. Measured oliguria (<1 ml/kg/hr) or anuria over 6 hrs
Grade Il 1.7 -2.5 mg/dl Mild AKI:
(141 - 220 pmol/) a. Documented AKI and static or progressive azotemia
b. Progressive azotemic increase in blood creatinine;
=>0.3 mg/dl =26.4 pmol/l) within 48 hours),
or volume responsiveness*
c. Measured oliguria (<1 ml/kg/hr) or anuria over 6 hrs
Grade lll 2.6-5.0 mg/dl
(221 — 439pmol/l)
Moderate to Severe AKI:
Grade IV 5.1-10.0 mg/dl a. Documented AKI and increasing severities of
(440 - 880 pmol/l) ; y
azotemia and functional renal failure
Grade V >10.0 mg/dl
(>880 umol/l)
VAKI stage Criteria
Stage 0 Creat. increase <150%
Stage 1 Creat. increase 150-
199% or increase of
26.5 pmol/l
Stage 2 Creat. increase 200-
299%
Stage 3 Creat. increase >300%

or an absolute creat. >
354 pmol/l (4 mg/dl)

RVC

IRIS STAGING

WWW.IRIS-KIDNEY.COM

Veterinary AKI

Thoen et al, 5011

Increase in creatinine by 26.5 umol/l (0.3 mg/dl) in 48 h
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Are there any other markers of AKI?

Cardiac disease AKI
1970s Lactate Creatinine
dehydrogenase
1980s Creatine-kinase MB Creatinine
1990s Troponin I, Troponin Creatinine
T
2000s NT-proBNP Creatinine
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Creatinine = estimation of GFR

Azotemia: 75% of nephron function lost

Loss of urine concentration: > 66% nephron function
lost

Any other way of measuring/predicting GFR?
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Plasma Iohexol clearance

Plasma lohexol concentration (mg/ml)

Clearance from the plasma a certain substance, which is renally

excreted, is correlated with GFR

60

120 180
Time (minutes)

240

Cotasma= D/ AUC

D= dose
AUC= Area under the curve

Useful in non azotemic patients

« Diagnosis of non azotemic CKD

* Progression of non azotemic CKD
* Adjustment of doses of drugs
Not real-time

Requires multiple blood samples

72



RVC

Other markers of GER?

Cystatin C

Low molecular weight (13 kDa)
Non protein bound and renally excreted

Controversial studies in 1:l><eople re superiority compared
to creatinine to predict AKI
* May be affected by pre-renal causes
* No studies have assessed role of serum Cyst C in dogs with
AKI
No commercial essay available for benchtop

measurement
Ghys L et al. J Vet Intern Med 2014; 28: 1152-64
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Other markers of GER?

Symmetric Dimethylarginine (SDMA)

. Dimethylated derivative of arginine released
in the circulation

. Renally excreted
. Well correlated with plasma creatinine
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J Vet Intern Med 2014;28:1699-1701

Relationship between Serum Symmetric Dimethylarginine
Concentration and Glomerular Filtration Rate in Cats

J. Braff, E. Obare, M. Yerramilli, J. Elliott, and M. Yerramilli

25

3.0 - 35 -
—_ g &
2 2.5 1 230 1
E 20 - E25
[}
315 A £ 201
E 1.0 T 15 1
- G 1.0 A
- 4]
® 0.5 £ 0.5 -
0.0 ) I J 1 z 0.0 : : : : j
0.00 0.05 0.10 0.15 0.20 0 5 10 15 20
[Serum SDMA (pg/dL)}" Serum SDMA (ug/dL)

* 10 cats with CKD patient (azotemic and non azotemic)
* In non azotemic/azotemic cats linear relationship of
reciprocal of SDMA (1/SDMA) and GFR (similarly to

creatinine)

RVC
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SDMA (ug/dL)

RVC

Plasma Symmetric Dimethylarginine Concentration in Dogs with
Acute Kidney Injury and Chronic Kidney Disease

D.P. Dahlem (), R. Neiger, A. Schweighauser, T. Francey, M. Yerramilli, E. Obare, and
S.M.L. Steinbach

p < 0.0001
' p <0.0001
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Plasma/Urinary NGAL

Serum Creatinine

|

Normal glomerular Reduced glomerular
filtration rate filtration rate
No evidence of renal No evidence of renal
tissue injury tissue injury
Prerenal state or CKD l'
Normal glomerular Reduced glomerular
filtration rate filtration rate

Suspected renal
tissue injury

Intrinsic or postrenal AKI l

Suspected renal
tissue injury

J
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Function vs Injury

AKI
Threshold

Upper
Limit
Normal

A

NGAL AKI = No AK] #+====
KIM-1 AKlI = No AK] #*+#++
Cystatin-C AK] — No AK] *+=»==
No AK] #¢¢#ee

Creatinine AK] —

S — T ——— - -

Y

T T T
0 3-6 24 48

Time (hr) Post-CPB
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NGAL, KIM-1, NAG...

4000000 }
2000000
825000j
687500
550000~
412500~

275000

Urine NGAL/creatinine ratio

137500+

0

RVC

S » W

Contmol

o

LT

00

TTL

CKD Grade IV AKI Grade 1AKI

Segev G. et al, JVIM, 2013; 27:1362-67
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Acute kidney injury

/\

Hospital acquired Community.acquired

NS AITIIDNDs

* Hypoperfusion Aminoslycosides
‘ Vd“W LA
¢ Systemui otension -y
* Decreased cardiac output Blirms

* Surgery

* Acidosis

* Sepsis

* Multiple organ failure
* Nephrotoxic drugs
* Pre-existing diseases 80
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Pre-renal

AK| — ™ 7

The presence of one doesn’t exclude the others!

Bladder

Urethra —|

Ureter

81
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Pre- renal AKI

. Severe dehydration

. Hypovolemia

. Hypotension

. Reduced renal blood flow

Increase creatinine

Increase in USG
Reduction in UOP
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Post-renal AKI

[T
=
”" N

Obstruction
e Renal Pelvis

e Ureteric
e Urethral

Urinary rupture
 Bladder
e Ureters
e Urethra
* Kidneys

Prolonged obstruction may lead to loss of renal function

83



AKI

/I\

Pre-renal Intrinsic Post-renal

Tubular Glomerular

/ \ Vascular

Acute tubular Interstitial
necrosis Nephritis

v Vasculitis
Glomerulonephritis

Ischaemlc Toxic
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Early diagnosis

Particular aspects of the clinical examination:

* Hydration and perfusion status

« Anemia

* Body condition score and body weight
* Renal size, symmetry, pain

« Bladder size

* QOral ulcers

* Presence of melena

* Presence of volume overload?
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Fractional excretion of Na (FEy;,)

> May help to dinguish pre-renal to renal
azotemia

U,. X PCr FENa< 1%= pre-renal
FENa= X100 FEna > 1%= Tubular dysfunction
P,.x UCr
Prognostic factor

Brown N. et al. JVIM 2015, 29: 28-34 Bos

86



RVC

Microbiology

. Cytology has a lower sensitivity compared to
culture (even if gram stain)

. Culture always necessary

. To be interpreted in light of the sampling
technique
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Diagnostic imaging

Abdominal ultrasound

* Abnormal structural and echogenicity
abnormalities
= Hyperechoic cortex
= Focal masses
= Medullary rim sign

* Possible post-renal causes
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Aspirates vs Biopsies

FNAs rarely diagnostic
* Identifiable masses
* Suspected neoplasia

Biopsy

*  More useful for chronicity

* May not provide etiological diagnosis

* Possible complications and requires anesthesia
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Supportive treatment

Fluid therapy

Monitoring the patient

Treating the cause

Diuretic therapy/hyperkalemia
management

90
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Fluid therapy

> Assessing the patient
* Distinguishing between hypovolemia and dehydration

 Calculating fluid therapy

¢ Assessing outputs
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Hypovolemia

vs Dehydration

Hypovolemia (loss of fluid from intravascular space)

May be associated with AKI

¢ Clinical signs of shock
= Perfusion parameters

* Blood pressure )

* Plasma lactate concentr

* Mentation

* Heart rate

* Pulse quality

* Mucous membranes
* Respiratory rate

* Temperature

htion
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Fluid therapy plan

Calculating fluid therapy plan
* Assessing dehydration
* Maintenance

¢ Ongoing losses
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RVC
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Current trend in fluid therapy

R

M C 0

* Minutes
* Shock
* Boluses

O

 Hours
e Unstable

patients

e Less

aggressive
strategy

S

ZO=H>W0—=r = -

* Days

» Stable

* 0 fluid balance
* Minimal fluid

O

ZOo0—~H>» >N 0H

* Days
* Stable
e Fluid

reduction

* Enteral
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Urine output
monitoring

Indwelling urinary
catheter

Weigh the patient q 6-8h

Weigh inco-pads or
litter tray

Bladder monitoring q6h
(palpation or
ultrasound)

Essential as some patients
may be anuric and other
may be polyuric
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Anti-hypertensive therapy

Risk category | Systolic pressure Dyastolic Target organ
pressure damage risk

<150 Minimal
11 150-159 95-99 Mild
III 160-179 100-119 Moderate
IV >180 >120 Severe

Target organ damage secondary to hypertension
Eye
Heart
Central nervous system
Kidney
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Consider starting anti-hypertensive treatment as soon as
hypertension is detected

*  Occurence of hypertension in AKI on admission!:
* 37% (>160 mmHg) —— 81% during hospitalization
15% (>180 mmHg) —— 62% during hospitalization
*  Amlodipine
= Starting dose 0.25 mg/kg q 24h PO
= Can be increased progressively to 0.5 mg/kg q12h

* Hydralazine
= 0.5-3 mg/kg q12h PO

1. Geigy C.A. et al. JSAP 2011; 52: 340-46 99
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Analgesia

>

>

>

>

Kidney disease may be associated with severe pain
(pyelonephritis/ureteral obstruction)

Pain score required
Opioids

* Buprenorphine (0.01-0.02 mg/kg IV q6-8h)
* Methadone (0.1-0.2mg/kg IV q 4h)

No NSAIDs
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Specific treatments?

DRUGS NOT TO GIVE |DRUGS TO GIVE

NSAIDs

Hyper-chloremic
solutions

Amikacin/Gentamicin
Synthetic colloids

Diuretics?

Balanced solution

101



Monitoring

Heart rate q1-6h

Respiratory rate q1-6h
Temperature q12-24h

Hydration state (free fluid check)
Pain scoring q4-6h

Electrolytes q 6-12h

PCV/TS q 12-24h
Urea-creatinine q24h

Blood pressure g8-12h

Fluid balance

#ins and outs calculation: every 24 hours; if not more G '
requently) o

Weight g8-12h




Hyperkalemia

Caused by reduced urinary
excretion of K*

Clinical signs mainly
brady-arrhythmia

Table 51-2 Electrocardiographic Changes Secondary
to Hyperkalemia'*

Serum Potassium

Concentration Electrocardiographic Change
>5.56 mEg/L Peaked, narrow T wave
>6.5 mEqg/L Prolonged QRS complex and PR interval

Depressed R wave amplitude
Depressed ST segment

>7 mEg/L Depressed P wave amplitude

>8.5 mEqg/L Atrial standstill
Sinoventricular rhythm

>10 mEg/L Biphasic QRS complex
Ventricular flutter
Ventricular fibrillation
Ventricular asystole

Millivolts

+30

-120

i Action

B m potential

~Normal

~threshold 4

= | A I T

Restng y) | I —— v 3

- -

- e — (- ) - | - J
Normal Low K* HighK* High Ca*™ Low Ca
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When to treat hyperkalemia

> High K*>7.5 mmol/l with a non rapidly resolving condition
> Arrhythmia in the presence of hyperkalemia
> Bradycardia/ hypotension

> Hyperkalemic patient (K*>7.5 mmol/l) undergoing anaesthesia?
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Hyperkalemia treatment strategies

 Antagonise the effect of K*if bradycardia is present
- Calcium gluconate

 Reduce K* concentration (K* > 7.5 mmol/1?)
- Regular Insulin
« Sodium Bicarbonate

105



Table 51-3 Treatment of Life-Threatening Hyperkalemia

Drug Dosage Mechanism of Action Onset of Action
10% Calcium 0.5 to 1.5 ml/kg IV slowly over 5 to 10 Increases threshold voltage but will not 3 to 5 minutes
gluconate minutes with ECG monitoring lower serum potassium
Sodium bicarbonate 1 to 2 mEqg/kg IV slowly over 15 minutes Increases extracellular pH, allowing for 15 minutes or
potassium to move intracellularly longer
25% Dextrose 0.7 to 1 g/kg IV over 3 to 5 minutes Allows for translocation of potassium into <1 hour
the intracellular space
25% Dextrose with Regular insulin at 0.5 U/kg* IV with IV As above 15 to 30 minutes
insulin dextrose at 2 g/U of insulin administered
Terbutaline 0.01 mg/kg IV slowly Stimulates Na*/K*-ATPase to cause 20 to 40 minutes

translocation of potassium into the cell

*With hypoadrenocorticism the insulin dosage should be reduced to 0.25 U/kg IV because of the patient’s predisposition to hypoglycemia.

ECG, Electrocardiogram; /V, intravenously; Na‘/K*-ATPase, sodium-potassium adenosine triphosphatase.

From "Small Animal Critical Care Medicine", Silverstein and Hopper, 2014.

RVC
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Millivolts

~Normal
—60 |- threshold

—80 _Restlng [ J_

-120%-

[ — J L J L J L 1L J
Normal Low K* HighK* High Ca™ Low Ca™

Calcium Gluconate

0.5-1.5 ml/kg SLOWLY over 5-10 minutes
Risk of asystoly if administered rapidly
Rapid onset of action (5 minutes) but temporary (30 minutes)
Does not reduce K* concentration
Can be given twice but effect may be limited
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Regular insulin H

novl Rk

0.2—0.5 IU/kg IV

2 g1/1U; guin Of dextrose (dextrose 50%: 500mg/ml)
Isotonic infusion of dextrose 2.5-5% for 6-8h

Onset of action 15-30 minutes

Duration variable 6-8h

Monitor blood glucose hourly for at least 6h
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Sodium Bicarbonate

1-2 mEq/kg IV slowly over 20 min

Contra-indicated in patients with respiratory depression
May worsen hypocalcemia

Rapid onset of action (15-30 min)

Indicated with acidemia (pH <7.1 and severe hyperkalemia)
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The patient is anuric/oliguric...

Has any pre-renal component been treated?
Is the hydration state adequate?

Is the urinary catheter kinked or obstructed?
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If oliguria/anuria confirmed

Match IV fluids to UOP and other losses =~ ™" ™ " 2

—Intracapsular pressure: .

10mmHg
Stop Iv flUidS if anuriC Mean mdroitanc pressurea%e:g:m; .
Mean colloid gr::;g:‘g;g L0,
Do not bolus the patient T ————

Reduced systemic pressure .
Afferent vasoconstriction _ Low hydrostatic pressure
Efferent vasodilation

Interstitial renal oedema o
Tubular obstruction _ High intracapsular pressure -~ Reduced G.E.R

Abnormal tubular function

Reduced renal blood flow —— Increased oncotic pressure
111



RVC

Diuretic treatment

> Lower urine production associated with higher mortality
> Does increasing urine production improve survival?

Brown et al; [VIM, 2015
14+ P <0.05 :
Non Survivors -~
124 Survivors without polyuric dog A

Survivors —h

—
o
1

Urine production
(mls/kg/hr)

o N A2 O @
IR TR SR 1

Days from presentation
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Furosemide

> Loop diuretic (action predominantly once filtered)

Plasma effect

Renal afferent vasodilation
*  Tubular effect

Natriuresis (0.6mg/kg dog, 1.25mg/kg cat)
= Diuresis

= Energy sparing effect

* Potential side effects: Sy e (g
= Hyponatremia b‘
= Hypocalcemia ~

= Hypokalemia
= Alkalosis

T
\ Cortex
\

*
Foe e

Furosemide

Thick ascending limb

Na'— ——

Interstitial fluid
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Furosemide

Not beneficial if given pre-emptively

Increased UOP # increased GFR

In people, its use may be associated with increased incidence of

AKI

Do not use while giving fluids

o

o

S
s

Maximum serum creatinine (mg/dL)

0.00 -

Levi et al. Braz J Med Bio Res; 2012: 45 (9):

b

1=

S
s

P

o
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L

g
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S
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»

=]

S
L

-

(=3

o
N

=

T

L

T
Non-use of furosemide

Use of furosemide
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Table 1: Urine output following furosemide administration

Time (h)
bt Baseline 1 2 4 6 8
r I I l 1 Hourly urinary output (mL/h) IV 163 260.5° 60.p 126 14.0 82
[5.9-62.8] -83.5] [8.5-132.0] [7.4-36.6] [5.4-30.1]
sc 120 420" 96.0° 26.0 13.0 82
[10.0-38.0]  [136.0-381.0]  [66.5-169.4] [12.044.9] [6.6-24.6] [5.8-16.0]
PO 125 63.8 98.2* 108.4* 325 134
[9.0-55.0] [18.0-144.0] [18.0-169.0] [39.6-220.0] [10.1-56.0] [7.4-435]
CRI 126 103.9 36.0* 146.8° 93.0* 78.0*
[8.0-40.0] [50.0-194.0] tao—zu,a [103.8-357.8]  [62.8-180.5] [55.0-182.0]
Accumulated [\ 283 275.8 5.9 3485 355.9 364.0
urinary output (mL) [1.0-31.3] [207.8-486.0]  [227.0-558.0]  [238.5-690.0]  [247.4-7266]  [262.4-756.7]
. . sC 283 280.0 376.0 391.9 400.4 4114
Ind 1 C atl Ons . [25.3-31.3] [148.6-405.8] [264.4-575.2] [309.3-607.2] [320.9-630.2] [326.7-646.2]
d PO 283 76.7 1745 307.3 355.9 378.1
[25.3-31.3]  [34.8-156.5] [103.3-250.8]  [178.3-403.8]  [188.4-450.8]  [195.8-459.4]
. . CRI 283 119.7 2739 4435 534.0 608.7
. Ollgurla (O o 5 II ll / kg/ h) [253-31.3]  [62.6-234.0] [222.7-386.9]  [326.5-744.7]  [389.3-925.2]  [446.3-1107.2]

* Not necessary if normovolemic
. Anuria
- Hypervolemic patient

Bolus or constant rate infusion?

Adin et al. JVIM 2003; 17: 632-636

1-2 mg/kg followed by 0.1-1 mg/kg/h C.R.I
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Mannitol

Osmotic diuretic
Urinary flow improvement (61%)
Renal blood flow improvement and reduction of renal vascular resistance
Reduction of the tubular oedema

Only indication:
Oliguria (0.5 gr/kg and evaluate response)

Controindicated in
Anuric patients
Volume overloaded patients
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Other diuretics: Dopamine

Dopaminergic receptor effect (DA-1/DA2)

Alphaj, effect in cats?

Low doses 0.5-3 pg/kg/min

Possible improvement in renal blood flow and urinary output
No improvement in survival in people with AKI

Associated with adverse etfects in clinical and experimental
studies

Cannot be justified in the treatment of AKI
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Other diuretics

Fenoldopam
Selective DA-1 agonist (used as CRI)

Shown to increase UOP in healthy cats and GFR in dogs (Simmons et al,
2006; Halpenny et al, 2001; Kelly et al, 2016)

A retrospective study has not shown any benefit in its use in AKI in
dogs and cats (Nielsen et al, 2015)

Diltiazem

Ca'-channel blocker/ reduction in renal vasoconstriction

No improvement observed in dogs with leptospirosis (Mathews et al,
2007)

118



RVC

Polyuria

Following the anuric-oliguric phase, a variable polyuric phase
occurs

Can last days/weeks
May be severe (4-10ml/kg/h)
If unmatched
* Dehydration
«  Worsening azo temia ( des pite improvement)
* Electrolyte disorders (hypokalemia/hypernatremia)

Once creatinine and UOP plateaues start reducing fluid therapy
by 20% daily
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What if there is no improvement?
Any other option?
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Renal replacement therapy

Therapy that replaces the normal blood-filtering function of the
kidneys
Electrolyte and acid-base balance
¢ Fluid balance

¢  Removes waste- toxins

Does not fix the kidney

It allows to treat life-threatning conditions for few days/weeks
awaiting for the kidney to regain its function

121



Acute kidney injury
Anuric/oliguric; non responsive to medical

management

Hyperkalemia

Volume overload
AKI refractory to diuretics

Toxins Severe azotemia and acidosis

Removing toxins from the

circulation (ethylene glycol)

RVC
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Renal Replacement Therapy

Peritoneal Dialysis

« Use of the peritoneum as a filter

Extracorporeal RRT

* Intermittent

= Short cycle (3-4h) used to treat patients with acute and chronic kidney disease
= Very efficient

¢ Continuous
= Longer cycle (24h) to reduce azotemia, hyperkalemia and remove excessive fluid

* Prolonged intermittent
= Cycle of 8-12 hours to improve efficiency, patient safety and need for staff
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Peritoneal Dialysis

Requires an abdominal drain
Infusion of a sterile solution in
the abdomen

Dwell time of 30-40 minutes

Removal of the abdominal fluid
(and diffused solutes and
electrolytes, including urea,
creatinine and potassium)

Repeated cyclically every 2 h or
as needed

waste products cross the
semipermeable membranes
into the peritoneal space

dialysate with
waste products
drained from
peritoneal space

capillary waste products  peritoneal space
with dialysate
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Extracorporeal Renal Replacement

Therapy

Blood is continuously drawn
through a catheter from the
patient into a filter and
reinfused in the patient
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Prognosis

Variable
53% mortality in dogs and 45% in cats

* 19% mortality for infectious causes
* 56% mortality for non-infectious causes

50% of these may remain azotemic
Leptospirosis better outcome (82% survival)

Legatti et al. PlosOne 2018
https://doi.org/10.1371/journal.pone.01907 727
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Confidence

Dunning-Kruger effect in Data science

A “Data science looks

super easy”

“Data science is
complicated”

“There’s more than |
hought. This is too complex”

“Now the concepts are
starting to make sense”

“What’s this?”
None Average Expert

Competence

P8
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Questions?
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13.15-14.30
Ventilation in the ICU in small animals
(S. Cortellini)
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Royal
Veterinary
College

University of London

Mechanical ventilation in
INntensive care

Stefano Cortellini

DMV, MVetMed, Dipl. ACVECC, Dipl. ECVECC, FHEA, MRCVS
Lecturer in Emergency and Critical Care
scortellini@rvc.ac.uk
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Indications: are we changing our approach?
Why is it different?
Methods of ventilation

* Ventilatory strategies/modalities
* Recruitment maneuvers
» Weaning

Management of the ventilated patient...time
for protocol

132



RVC I

Why is it different
> Length of anesthesia

> Patient characteristic
« Respiratory dysfunction
« Cardiovascular instability
« Co-morbidities

> Long term management
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Indications for mechanical ventilation

PaO,: < 60 mmHg
PaCO, > 50 mmHg
Signs of respiratory fatigue

Moving towards other indications..

« Decreasing work of breathing and oxygen consumption
« Recovery from anesthesia

134






Any additional tools we have before
starting mechanical ventilation?

High Flow Nasal Cannula Oxygen
(HFNC) (CPAP)
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Type of ventilators: what are we

s W

looking at?

> Different modes

* Synchronization
* Lung protective strategy

» Weaning
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Modes of ventilation

o Assisted Control (A/C)

o Synchronized Intermittent Mandatory
Ventilation (SIMV)

o Pressure Support (PS)

o
IRCUIT TYPE Proposed
IBW 38 lbs ‘ent Type
17 « INVASIVE
. Mode Mandatory Type
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Assisted Control
S

A
AAA

Time 139
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$ynchromsed Intermittent Mandatory
Ventilation (SIMV)

A
) Pow Puw PEEP LE  f Ve Vi
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.
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Flow
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Modes of ventilation

Pressure-controlled

Advantage: Peak Inspiratory Pressure and Peak Alveolar Pressure remain constant

= Disadvantage: V; varies according to patient's demand/ characteristics

(compliance/resistance)
Volume-controlled
= Advantage: Constant level of alveolar ventilation

Disadvantage: potential asynchrony (due to fixed flow pattern) and lower compliance

RVC I
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Mode of ventilation: philosophy

during ARDS
* Very small amount of normal lung (hence “baby lung”)

> Open Lung theory
> Baby Lung ventilation
« Residual portion of lung mgintaining normal aeration
O
=
(2
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Ventilator Associated Lung Injury
(VALI)
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So what does this mean?
Initial theory

> Low tidal volume
| > Using Positive End Expiratory Pressure
O
>
=

(PEEP)

> Limiting peak pressures

144



RVC I

Low tidal volumes: why?

TABLE 3. RESPIRATORY VALUES DURING THE FIRST SEVEN DAYS OF TREATMENT IN PATIENTS WITH ACUTE LUNG INJURY

AND THE ACUTE RESPIRATORY DISTRESS SYNDROME.*
VARIABLE Dav 1 Day 3 Dav 7
arour Grour arour
arour RECEIVING Grour RECEIVING Grour RECEIVING
RECEIVING  TRADITIONAL RECEIVING  TRADITIONAL RECEIVING  TRADITIONAL
LOWERTIDAL  TIDAL LOWER TIDAL TIDAL LOWER TIDAL 1AL
VOLUMES  VOLUMES VOLUMES  VOLUMES VOLUMES  VOLUMES
Tidal volume (ml/kg of predicted 62509  118+08 62411 118+08 65%14  114x14
body weight)
No. of patients 387 204 307 181 179
Plateau pressure (em of water) 25+7 2627 349 2657 3759
No. of patients 384 294 307 168 173
Peak inspiratory pressure (cm of water)  32+8 33+9 4010 3329 44510
No. of patients 382 295 308 178 177
Mean airway pressure (em of water) 17213 17+14 1917 17514 20+10
. of patients 369 288 301 176 173
Respiratory rate (breaths /min) 29+7 30+7 1727 30+7 2047
No. of patients 389 29 308 185 181
Minute ventilation (liters /min) 129+36  126+45 134235 134+48 13738 149+53
No. of patients 387 401 296 307 182 177
FO, 0.56+0.19  051+0.17 0.54*0.18  051*0.18 0.50+0.17  0.54+0.20
No. of patients 390 06 296 308 185 181
PEEP (em of water) 94436 8636 92436 8.6%42 8134  91+42
No. of patients 390 406 29 308 185 181
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L9
VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THE AcUTE RESPIRATORY DISTRESS SYNDROME NETWORK*

TABLE 4. MAIN OUTCOME VARIABLES.*

Proportion of Patients

———————

Lower tidal volumes
—— Survival

---- Discharge
Traditional tidal volumes
......... sul’ViVaI

=== Discharge

0 20 40 60 80 100 120 140 160 180
Days after Randomization

GRrour GRrour
RECEIVING RECEIVING
Lower TiDAL TRADITIONAL

VARIABLE VoLumes TipAL VoLumes P VALUE
Death before discharge home 31.0 39.8 0.007

and breathing without

assistance (%)
Breathing without assistance 65.7 55.0 <0.001

by day 28 (%)
No. of ventilator-free days, 12+11 10+11 0.007

days 1 to 28
Barotrauma, days 1 to 28 (%) 10 11 0.43
No. of days without failure 15%11 12%11 0.006

of nonpulmonary organs
stems, days 1 to 28
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Low tidal volumes: why?

Overdistension

N

Volutrauma

N

Excessive strain
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Limiting pressures: why?

Peak pressures Plateau pressures

Range Of Peak Airway
Pressures (cmM,0)

+ 55-65
® 45-55
s 35-45
nm 0 26-38 P A Peak Pressure
e 5-25
6 3 (control) . //
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.. =072 | Inspiration Time I Expiration Time I
I ’ i
ol e S—
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Peak Airway Pressure
(emH,0)

Parker et al, 1984
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PEEP: why?

Increase in Functional
Residual Capacity

v

Reduction of alveolar
collapse-distension

v

Improvement of
oxygenation

v

Reduction of
biotrauma
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What are the current mechanical
ventilation in veterinary medicine?

Normal Lung | Diseased Lung

Targets "o o o 25 you can)
. Tidal Volume 8-12 6-8
 Normoxemia (mirkg)
- Paoz 60_80 mmHg Resp. rate 10-20 15-30
- Sp02 88_92/96(y0 I(\:I]irl}lli;e)ventilation 150-250 100-250
= Avoid oxygen toxicity PEEP (cm H,0)  0-4 4-8
 Permissive hypercapnia peen™™° " 1015
1:2 1:1t01:2

- Aim at gentle settings e
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What is the problem with this
approach?

> PEEP in diseased lung
« May predispose to overdistension
 Increase in static strain

« Reduced lymphatic drainage
* Reduced cardiac output

> |s the PEEP always associated with improved
outcome?
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Forces that damage the lungs

Stress: force per unit area

Strain: the change in length in relation to the
initial length

RVC I
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Dynamic strain vs static strain
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Lung Opening and Closing during Ventilation of Acute
Respiratory Distress Syndrome

Pletro Caironl'?, Massimo Cressont', Davide Chiumello?, Marco Ranlerl’, Michael Quintel®, Sebastino G. Russo?,
Rodrigo Comejo®, Guillermo Bugedo®, Eleonora Carlesso’, Riccarda Russo?, Lulsa Caspant, and

Luchae Gettinens™ Am J Respir Crit Care Med Vol 181. pp 578-586, 2010
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Airway Pressure (cm of water)

Multivariate Relative Risk
of Death in the Hospital

Driving pressure

Resampling C:

Resampling A:
Matched PEEP

Resampling B:
Matched AP

AP

PEEP

Matched Plateau Pressure

PEEP
576 607 635 574 597 566 577 696 568 582
No. of Patients in Subsample
2.04 2.0+ 2.0
1.4+ { { 1.4 1.4+ } {
1.0 10 T Y R— } -------- 1.0 i
0.7 } 0.74 0.7 {
054 P<0.001 054 P=0.61 054 P<0.001
4 4
oc T T T T T 00 T T T T T oo T T 1 Ll T
S; S S5 S S S 5 S¢ S5 S; S S5 S S
A B C
> I > s
Stea. Contrast e Tl Contrast ___..--""

Higher plateau pressure: Not always risky

Higher PEEP: Not always protective

PEEP

Amato et al, NEJM 20154
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Driving pressure

> Difference between Plateau Pressure and

PEEP in patient with no spontaneous
breathing

> Should be 12-15 cmH,0
> Cause in strain-stress
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HOW |

(10

es this change our approach
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How does this change our approach..

>

>

>

>

Minimize alveolar overdistension
° Pplat< 30 CmHzo or VT <7 mllkg

Minimize alveolar decruitment during expiration
 PEPP moderate

Decrease transpulmonary cycling pressure
Consider neuromuscular blockers?
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Neuromuscular agents

> Indications:
* Refractory hypoxemia
» Facilitation of mechanical ventilation
- Patient/ventilatory asynchrony

> Surviving sepsis campaign:
* Use of NMBA short-course with PaO,:FiO, < 150

> Drugs:

« Atracurium
= Laudanosine metabolite: neurological toxicity
* Pancuronium
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Paw
+30 cmH,0
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Neuromuscular blocking agents

> Reversible muscle paralysis

> More effective in early phases:
* Decreased thoraco-pulmonary compliance
* Increase in functional residual capacity
* Reduced transpulmonary pressure
* Reduced lung strains

> NMBA vs placebo:
* Reduction of PEEP/plateau pressures
* Improvement of PaO, and PaO,FiO, in the first 48 to 120 hours
* Reduction of ventilator-free days

« Reduction of mortality in patients with ARDS
1. Papazian et al; NEJM, 2010
2. Gainnier et al; Crit Care Med, 2004
3.  Forel et al; Critic. Care med 2006 160
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guidelines to small animals
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Recruitment manouvers: are they
really necessary?

Transient increases in trans-pulmonary pressures to open up
atelectasis alveoli

Part of the “Open Lung approach”
Reduces the collapsed lungs and cyclic de-recruitment

Recruitment strategies

40cmH-0 for 40-60 seconds

3 consecutive sighs/min with a plateau pressure of 45
cmH-,O

2 minutes of peak pressure of 50 cmH,O and PEEP
above upper inflection point
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Weaning: when to consider
discontinuing ventilation

Indication for MV has resolved/is improving

Adequate gas exchange without positive pressure ventilation
Stable on the cardiovascular side

No excessive secretions (potential occlusion)

Neurologically normal

Specific targets

« Oxygenation adequate:
- With reasonable FiO,
- No PEEP
- Gentle ventilatory settings

« Adequate ventilation
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Management of ventilator patient:
don’t just look at the respiratory
system...
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20 Kirby’s rule

Fluid balance

Gl motility

Oxygenation and ventilation

Nutrition

Blood pressure

Renal function

Heart Coagulation
rate/contractility/rhythm
Glucose Immune

status/antibiotics/infections

Body temperature

Drug dosage and metabolism

Albumin

Wound care and bandages

Electrolytes

Analgesia

CNS/mentation

Nursing care

RBCs and hemoglobins

Tender loving care
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Fluid status

> Monitor urinary output
> Can have reduced UOP:

* Reduced cardiac output

* Increase in ADH release
= Increased intrathoracic pressure
= Opioid administration

* Decrease in ANP release

> Consider furosemide low dose to improve diuresis
If necessary
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Ventilator Associated Pneumonia:
the silent killer

>~ Barrier Nurse

» Always use disposable or sterile gloves
* |Intubate with sterile ET tube

» Suction with sterile tube

* Oral care

> Adequate (and appropriate!) use of antibiotics
> Subglottid suction?
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14.30 - 15.15
Fluid therapy and resuscitation in foals

(E. Paulussen)
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Fluid therapy and resuscitation in equine neonates

Ellen Paulussen, DVM, Dipl. ECEIM

One of the main dilemmas when evaluating a sick neonatal foal is whether or not fluid therapy is
indicated. One must consider the variety of indications for fluid therapy, the different types of fluid,
different routes of administration, the amount of fluid and the anticipated duration of the therapy.

Patient requirement for fluid therapy

The first challenge in patient evaluation is the accurate assessment of hydration status. The typical
parameters used are mucous membrane color, capillary refill time, jugular refill time, pulse quality,
temperature of the extremities, mental status and urine production. Fundamentally these are
indicators of perfusion, rather than hydration, which is an important distinction given that there are
situations, such as cardiogenic or vasodilatory shock, in which a well-hydrated patient can present
extremely poor perfusion. The clinical signs most commonly used for the assessment of hydration are
increased skin turgor (although not reliable in foals), tacky mucous membranes and sunken eyes.
Further insights into hydration status can be gained by the measurement of urine specific gravidity.
Values of greater than 1.010 indicate that the foal is retaining water and is likely not adequately
hydrated. Urine output is another useful parameter, but it can be hard to gauge in foals that are not
continuously monitored. The normal foal urinates at least once every 2 hours. Hypotension, considered
a mean arterial pressure less than 60 mmHg, may be an indication of hypovolemia but can also result
from decreased cardiac output or excessive venous capacitance.

Types of fluid

There are many choices of fluids and they fall into three broad categories: crystalloids, colloids and
oxygen-carrying solutions. Crystalloid solutions contain electrolytes and nonelectrolytes (such as
dextrose) that are capable of diffusing through the capillary wall into the interstitium, whereas colloid
solutions contain larger molecules that do not readily diffuse and tend to remain within the vascular
lumen. Oxygen-carrying solutions contain either red blood cells or other substances capable of
delivering oxygen from the lungs to the tissues. In the majority of situations the most appropriate fluid
will be a crystalloid solution. These solutions are classified based on their tonicity relative to normal
plasma. Isotonic fluids will expand the ECF volume, expanding the circulating blood volume. Because
these fluids contain large amounts of sodium they can result in hypernatremia, which has been
associated with increased mortality and severity of illness in human patients. Hypotonic crystalloid
solutions contain much less sodium and chloride, this can be very helpful because the lower sodium
load decreases the risk of water retention and edema formation, and the lower chloride load decreases
the risk of hyperchloremic metabolic acidosis. For this reasons hypotonic solutions are most useful for
maintenance fluid therapy, in which there is less need for electrolyte replacement and more need for
the provision of water. Hypertonic crystalloid fluids have higher electrolyte concentrations than
plasma and have fewer indications for their use. The most commonly used hypertonic solution is
hypertonic saline (NaCl 7.2%), which is primarily used to expand the circulating blood volume.

Route of administration

The most physiologic route of fluid administration is the enteral route, but it can be easy to overlook
the utility of this route, especially in hospitalized patients. Generally, if the gut is working it should be
used for at least whatever component of the fluid therapy is appropriate. IV administration will achieve
the most rapid result because it allows for a large amount of fluid to be given, but IV access is
associated with some complications such as thrombophlebitis and air embolism aspiration. Neither
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subcutaneous nor intraperitoneal fluid administration is well tolerated in equine patients and these
routes are rarely used.

Dosage

The factors that must be considered in determining the amount of fluids to administer are the volume
needed for maintenance of normal body function, the magnitude of the existing fluid deficit and the
ongoing losses potentially associated with the disease process (diarrhea, reflux, sweat). When
designing the fluid therapy plan it is important to consider the maintenance fluid as separate from the
replacement fluid plan, which includes both replacement of existing deficits and ongoing losses.

The calculation of maintenance fluid requirements in the foal can be approached in two different
ways. The traditional approach is based on the accepted value of 3-5ml/kg/hour, the primary problem
with this approach is that it represents a very broad range of fluid rates and may result in fluid overload
if not monitored closely. A second approach is based on the Holliday-Segar formula, which provides a
more conservative rate of fluid administration. With this calculation there is administered
100ml/kg/day for the first 10kg of bodyweights , 50ml/kg/day for each kilogram from 11-20kg and then
25ml/kg/day for each kilogram of bodyweight >20kg. The use of hypotonic crystalloid solutions is the
most appropriate as maintenance fluid because of their lower amount of sodium and chloride.
Supplementation of potassium however can be necessary, certainly if the foal is not nursing. The
addition of potassium chloride at 20 to 40 mEq/L to a hypotonic maintenance solution is a reasonable
starting point.

Using the clinical perfusion indicators mentioned previously one can derive a rough estimate of the
degree of clinical dehydration. This approach yields estimates of dehydration ranging from 5% tot >
10% and these values can be used when calculating the estimated fluid deficit.

Degree of Skin CRT Mucous
dehydration | tenting membranes
<5% 1-3 sec <2sec Slightly tacky
5-10% 3-5 sec 2-3 sec Tacky
>10% > 5 sec >3 sec Dry

Clinicopathologic testing can aid in refining the estimate of fluid deficit, with variables such as PCV,
total plasma protein concentration, serum creatinine and lactate concentration all providing useful
insights.

Parameter Overhydrated Ideal Underhydrated
Heart rate / 80-120 >140
Respiratory rate Upward trend <56 /
Hematocrit 20 35-45 >45
Total protein (g/L) <30 50-80 >80
Urine Output (ml/kg/h) >2 1-2 <0.5
Urine specific gravidity / 1.005-1.010 >1.012
Plasma lactate (mmol/L) / <2 >5 (neonate), > 2.5
(if >4 days old)
Peripheral edema Obvious May be seen in /
some foals
Central venous pressure (cm >8-12 3-8 0-5
H.O
BUN/Creatinine / normal Increasing




Once a determination of the existing fluid deficit has been made, a replacement fluid plan can be
formulated. Use of isotonic replacement fluid (LRS, Normosol-R and Plasmalyte A) is appropriate for
this purpose. Rather than simply dividing up the calculated fluid deficit and administer it over a set
period of time, it is more useful to administer boluses of replacement fluids at 20ml/kg over 10-30
minutes and then reassess the patient’s status to determine whether further boluses are required.
Care should be taken not to exceed 60ml/kg total dose, unless there are compelling clinical reasons
that this is indicated, such as ongoing losses. If greater than 60 ml/kg of fluid replacement is required
and the patient remains hypotensive, then they should be considered non-responsive to fluid therapy
and the initiation of inotrope and/or vasopressor therapy should be considered.

Monitoring of ongoing fluid therapy is very important and requires frequent assessment to ensure that
the goals for fluid therapy are being achieved and to avoid the development of adverse outcomes such
as fluid overload. Repeated assessment of the clinical indicators of hydration and perfusion status is
readily performed and extremely valuable in monitoring fluid therapy.

Neonatal resuscitation

Cardio-pulmonary arrest in foals most commonly begins with respiratory arrest, which subsequently
leads to cardiac arrest caused by asphyxia. Because of this the establishment of a patent airway and
the provision of ventilator support is the initial priority in foals, rather than cardiac compressions.

The first challenge is in recognizing which foals require resuscitation, because early intervention before
cardiac arrest is associated with a much higher likelihood of successful resuscitation, potentially as high
as 50%. The clinical signs that may indicate the need for resuscitation include absence of breathing,
irregular gasping, respiratory rate less than 10 breaths per minute, heart rate less than 40 beats per
minute, irregular or absent muscle flaccidity, or lack of response to tactile stimulation. Other situations
in which resuscitation may be required include primary lung disease, septic shock, hypovolemia,
metabolic acidosis, hyperkalemia, hypoglycemia, vasovagal reflex and hypothermia.

If a foal fails to breath spontaneously and regularly then an airway needs to established immediately
and basic life support (BLS) should be implemented. The best approach to establish an airway is to pass
a cuffed nasotracheal tube. Ventilation should be provided with a self-inflating valved manual
resuscitation device at 10 breaths per minute. Excessive ventilation negatively affects cardiac return
and coronary perfusion and has been associated with worsened outcome. As many as 90% of foals that
require resuscitation will respond to ventilator support alone. If a heartbeat is absent or the rate is too
low, then it is important to immediately initiate thoracic compressions. A rapid rate of 100
compressions per minute is advised, but compressions should be stopped every 2-3 minutes and
should be resumed within 10 seconds. If the foal is not responding to Basic life support then more
aggressive measures (Advanced life support) are indicated. These may include administration of
pharmacologic agents and implementation of improved monitoring. Many drugs have been used
empirically in foals resuscitation, but none has been specifically studied in the foal. The utility of many
of these agents is debatable, either because they are directed toward primary cardiac dysfunction,
which is rare in foals, or because their use in human cardiopulmonary resuscitation has been
discontinued. The drug that is most likely to be used is epinephrine. Vasopressin has been used either
in place of, or in combination with, epinephrine. Doxapram has been commonly used in foal
resuscitation as a respiratory stimulant, but is contra-indicated because it does not reverse secondary
apnea and has been shown to decrease cerebral blood flow and increase cerebral oxygen
consumption.
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Baisic Life Support

Respiratory arrest

I

R |

1

Venfilate at 10 breathemin

}

Heart rate =50 bpm or =40
bpm and increasing, not |
spontansously breathing

Reassess cardiac and respiratory function at 30

gaconds — then every 2 min

Advanced Life Support

|

Cardiac arrest — pulssless electrical

!

Inifigte chest compressions — 1 00 min

Establish venous access

|

Epinephrine 0.01 mg'kg every 3-5 min
+— Atropine 0.02 mg'kg IV ance

I

Placa ECG
Attach capnograph — monitor ERCO:

|

RAhythim check every 2-3 minutes

A

Asystole
Pulssless electrical activity

l

Continue chest compressions

Perfusing rhythm
Increasing EHCO0;

¥

¥

Stop compressions and
monitor

l

Vasopressin 06 kg once then
Epineghrine 0.04 mg'kg every 3-5 min

Venftricular fibrillation
Pulssless ventriculanachycardia

Heart rate =80 bpm
Regpirations =18 bpm

¥

¥

Greater than 10-15 min CPR = Failure

Diefibrillate 2 Jhg
gt attempt - increase fo 4 kg

Suwccess — Provide

appropriate supportive care
and monitoring

Resums chest compressions

Bpm, beals per minute; ENOD, end-tidal CO,.
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Defibrillation

Defibrillation is indicated in cases of ventricular fibrillation and pulseless ventricular tachycardia.
Access to appropriate equipment is often limited, however. The widespread availability of human
automated electrical defibrillators may alter this situation, but at this time there are no published
studies regarding their use in foals. When performing defibrillation the cardiac compressions and
ventilation should continue until the moment of defibrillation and resumed immediately afterward.
The initial charge should be 2 J/kg, which should be increased to 4 J/kg for subsequent attempts.

Monitoring Resuscitation

Patient status during resuscitation is extremely dynamic, requiring constant reassessment, and it can
be difficult to monitor for return of spontaneous circulation and spontaneous respiration without
interfering with the process of resuscitation itself. Following initiation of resuscitation efforts cardiac
and respiratory function should be reassessed at 2- to 3-minute intervals unless the foal shows obvious
signs of response. Monitoring via electrocardiography can be challenging, because electrical activity
does not necessarily represent effective cardiac contractility, which is a phenomenon termed pulseless
electrical activity. Respiratory efforts are much more readily observed and their effectiveness should
be subjectively evaluated. One technique that can greatly facilitate monitoring during resuscitation is
the monitoring of end-tidal CO2 (EtCO2), if capnography is available. During resuscitation a reasonable
target for EtCO2 is 10 mm Hg, because this indicates that an adequate degree of perfusion and
ventilation is being achieved. If resuscitation is successful then a rapid increase in EtCO2 toward the
normal range will be observed, indicating that both perfusion and ventilation are improving. A
decrease in EtCO2 during resuscitation indicates inadequate ventilation and perfusion, requiring
reevaluation of how resuscitation is being performed. If no response is detected after 10 to 15 minutes
of resuscitation it is extremely unlikely that the patient will respond with further efforts.

Postresuscitation Support

Following successful resuscitation the patient should be considered at high risk because of the
presence of any primary, initiating diseases and the likelihood of secondary hypoxic injury. Appropriate
medical care and monitoring are critical during this period of time. Foals should receive intranasal
insufflation of humidified oxygen at 5 to 10 L/min until they have been demonstrated to be stable with
adequate cardiopulmonary function. Fluid therapy will likely be of benefit in ensuring normovolemia
and supporting cardiovascular function. Care should be taken to avoid overhydration, because these
patients may be at risk of pulmonary edema. Pressor and inotrope therapy may be indicated if
cardiovascular function is inadequate. Glucose support is important, especially in neonates, but care
should be taken to avoid hyperglycemia. If resuscitation occurred in the field then serious
consideration should be given to immediately referring the foal to a facility equipped to provide
intensive care.
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15.45 -16.30
Sepsis and perinatal infections in foals
(A. Dufourni)
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Sepsis and perinatal infections in foals

Neonatal foals are immunocompetent at birth but are immunologically naive. They have no memory
response associated with adaptive immunity and have minimal amounts of immunoglobulins. Therefore,
absorption of hyperimmune colostrum is required to gain immediate protection against various
pathogens within the environment. Failure of passive transfer of maternal antibodies (FPT) can occur
when insufficient quantity or quality of colostrum is consumed. Inadequate absorption may be caused
by maternal (agalactia, inadequate quantity or quality of colostrum, pre-partum lactation, rejection of the
foal, illness of the mare, twin pregnancy, abnormal behavior or maternal death during parturition) or
neonatal factors (pre- or dysmaturity, increased use due to septicemia or illness, musculoskeletal,
neurologic or gastrointestinal disorders). The concentration of IgG absorbed by the foal can be
measured quantitatively or semiquantitatively in serum, plasma or whole blood by protein
electrophoresis, immunoglobulin determination, glutaraldehyde test or a commercial ELISA SNAP
FOAL IgG Test Kit® (IDEXX Laboratories). IgG concentrations of >800 mg/dl indicate adequate passive
transfer of immunoglobulins. If lower amounts of IgG immunoglobulins are detected, foals should receive
hyperimmune equine plasma or colostrum. Good-quality colostrum or equine plasma can be
administered orally if foals are younger than 12 hours of age. Colostrum should be administered into
several smaller (300-500 ml) oral increments within the first 12 hours of life. The ability of the equine
small intestine to absorb colostrum by pinocytosis decreases within 6-12 hours after birth and is greatly
reduced to absent within 12 -18 hours. From this point, intravenous administration of hyperimmune
equine plasma is indicated. Control of IgG concentration is indicated until sufficient amounts of protective
immunoglobulins are reached as the risk of infection or death increases proportionally with decreasing
IgG concentrations. In foals with failure of passive transfer of immunity, the incidence of neonatal
septicemia and related complications increases significantly. To assess the inflammatory state of the
neonate, inflammatory acute phase proteins, such as SAA or fibrinogen can be used and act as a
biomarker for bacterial infection in neonatal foals. Although cutoff values >100 mg/l are highly suggestive

of infection, low SAA concentrations do not rule out the possibility of bacterial septicemia.

Equine neonatal septicemia is a systemic disease process caused by the presence of pathogenic
microorganisms and/or their toxins in the foal’s blood. These circulating endotoxins or microorganisms
cause a systemic inflammatory response (SIRS) which can lead to severe hypotension, tissue
hypoperfusion and multiple organ dysfunction. Although bacterial infection is responsible for the
initiation, the inflammatory response itself is responsible for the production of endogenous inflammatory
mediators, which results in an increased production of vasoactive mediators and an alteration of the
vascular homeostasis. The earliest systemic effect is pulmonary vasoconstriction which leads to
pulmonary hypertension. This pulmonary hypertension is followed by systemic hypotension caused by
a decreased arterial tone resulting in a decreased left ventricular afterload and venous vasodilatation
which decreases the venous return and the right ventricular preload. The resulting hyperdynamic shock
requires an increased heart rate and cardiac output to maintain tissue perfusion. However, this
compensatory response is impaired by the reduction in left ventricular preload from a decreased

peripheral vascular resistance and decreased cardiac contractility. Additionally, arteriolar

1
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vasoconstriction, vascular neutrophil adherence or fibrin and platelet aggregation cause changes within
the microvasculature, which potentiate the decreased tissue perfusion. Activation of the extrinsic
pathway of coagulation, impairment of fibrinolysis and inhibition of coagulation result in a consumptive
coagulopathy leading to disseminated intravascular coagulation (DIC). Leakage of intravascular fluid
into the interstitial space further contributes to hypotension and hypovolemia and causes tissue edema.
Finally, the resulting cardiovascular shock leads to multiple organ failure (MOD) characterized by

cardiovascular, pulmonary, renal, gastrointestinal, central nervous and hepatic dysfunction.

This important neonatal disease can be acquired in utero or can be caused by bacterial translocation
from the respiratory or gastrointestinal tract, umbilical cord or wounds after birth. Risk factors for
neonatal septicemia include placentitis, pre-parturition vulvar discharge, dystocia, maternal illness,
prematurity or delayed parturition, premature placental separation, induced parturition, partial or
complete failure of passive transfer, poor hygiene, improper umbilical care, prolonged transport of the
mare and presence of localized disease in the foal. Clinical signs of neonatal septicemia are vague and
nonspecific and may include depression, lethargy, partial or complete absence of nursing behavior,
tachycardia, tachypnea, hypotension, hypo- or hyperthermia, abnormal mucous membranes color with
prolonged capillary refill time, dark red or injected mucous membranes; petechiation of mucous
membranes, skin or inner pinnae, inability to stand and weakness. Additional clinical signs of localized
infection, such as omphalitis, patent urachus, diarrhea, joint effusion with or without lameness or
osteomyelitis, physeal distention, respiratory distress, uveitis or seizures may be present.
Clinicopathological evaluation of the septicemic foal can reveal low white blood cell (< 6.9x103 cells/pl),
neutrophil and lymphocyte counts, higher band neutrophil (>5-10%) and monocyte counts, azotemia,
hypoglycemia (<50 mg/dl), acidosis (metabolic, respiratory or mixed), hypoxemia (paOz < 60 mmHg),

hypercapnia (paCO2 > 50 mmHg) or increased venous blood lactate concentrations (> 5 mmol/l).

Rapid identification of a septic neonate and rapid implementation of appropriate treatment are
determinative for survival and prognosis. The most appropriate diagnostic tool for ante mortem diagnosis
of septicemia remains blood culture performed at presentation, ideally before administration of
antimicrobial drugs. Due to fals negative results in up to 37% of fatal septicemic cases, repeated blood
cultures and multiple susceptibility testing are recommended to maximize diagnostic sensitivity and
follow up of antimicrobial susceptibility over time. Early administration of appropriate antimicrobials is
essential for survival of the septicaemic neonate. Human consensus statements recommend
intravenous antimicrobial treatment within the first hour of recognition of septicemia to decrease the
odds of morbidity and mortality. Historically gram-positive organisms were most commonly associated
with neonatal infections, but over the past years the most common isolated bacteria have been gram-
negative organisms, especially Enterobacteriaceae. Gram-positive organisms appear to occur often in
mixed infections. Aggressive, early antimicrobial therapy with broad-spectrum coverage is indicated in
this patients. Current recommendations state that the combination of a beta-lactam antibiotics (penicillin
or ampicillin) in combination with an aminoglycoside (typically amikacin) should be used as initial

approach. Monotherapy with a third- or fourth generation cephalosporin (ceftiofur) may be an alternative
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to the combination therapy, especially in hypoperfused patients, but may not provide a full gram-positive
coverage. Note that the most common bacterial isolates and antimicrobial susceptibility patterns may

vary depending on geographical location and study population.

M. J. P. Theelen et al. Temporal trends in prevalence of bacteria isolated from septic foals
TABLE 2: Temporal trends in prevalence of bacteria causing sepsis in foals admitted to the VMTH, UC Davis, USA, 1979-2010
19791990 [n= 328} 1991-1997 (n=415) 1995-2010 (n = 348)
Na. Percentage of Mo. Percentage of No. Percentage of
Bacterial species isolates total isclates (%) solates total isolates (%) solates total isolates (%)
Gram-negative bacteria* 243 741 300 723 223 4.1
Enterobacteriocens* 161 481 218 525 144 41.4
Escherichia coli 90 74 145 34.9 78 224
Klebsiella spp.* 34 10.4 26 63 20 57
Entercbacter spp. 13 4.0 18 43 1" 32
Salmonella spp. 12 37 g 1.9 12 34
Proteus spp. 7 21 ] 1.9 g 26
Actinobacillus spp. 53 16.2 S5& 135 43 124
Pseudmmonas spp. 13 4.0 4 1.0 10 29
Other Gram-negative isolates 16 4.9 22 5.3 26 7.5
Gram-positive bacteria* B5 259 115 7 125 359
Streptococcous spp. 47 14.3 63 15.2 51 147
p-haemolytic streptococci 29 88 37 B9 37 10.6
Enterococcus spp.* 18 55 g 4.6 42 121
Stophylococcus spp. 4 43 22 5.3 22 6.3
Coagulase positive staphylococci 8 24 1 27 12 34
Coagulase negative staphylococc & 1.8 0 24 8 2.3
Other Gram-positive isolates [} 18 1 27 10 249

(Theelen M.J.P et al. (2014). Temporal trends in prevalence of bacteria isolated from foals with sepsis: 1979-2010. Equine Vet. J. 46, 169-173.)

M.I.E Theelen et al./The Veterinary Journal 243 (2019) 74-76

Table 1
Cumulative susceptibilityat ‘foal level’ of bacteria isolated from foals with sepsis at hospital admission (UC Davis, USA) between 1 January 1990and 31
December 2015.

Antimicrobial drug (combination) Number of foals Percentage of foals from which 95% confidence interval
all isolates were susceptible
Amikacin 213 63.4% 56.5-69.9
Amikacin + penicillin 210 88.6% 83.5-92.5
Amikacin +ampicillin 213 91.5% 87.0-94.9
Gentamicin 213 62.0% 55.1-68.5
Gentamicin+ penicillin 211 82.0% 76.1-86.9
Gentamicin+ ampicillin 213 83.6% 779-88.3
Ceftiofur 21 86.3% 809-90.6
Ceftiofur+amikacin 21 89.6% 84.6-93.4
Ceftizoxime 194 39.7% 84.5-93.6
Chloramphenicol 207 81.6% 75.7-86.7
Enrofloxacin 21 829% 712-878
Imipenem 175 92.6% 87.6-96.0
Trimethoprim/sulfa-methoxazole 213 59.6% 52.7-66.3

(Theelen M.J.P et al. (2019). Initial antimicrobial treatment of foals with sepsis: Does our choices make a difference? Vet. J 243, 74 -76.)

Additional treatment of septicemic foals requires constant monitoring and nursing care. Fluid therapy
consists of 20 ml/kg boluses of polyionic fluid without glucose over 10-30 minutes, followed by
maintenance fluid therapy. Inotropes (dobutamine) and vasopressors (norepinephrine, vasopressin) are
necessary in case of persistent hypotension (<65 mmHg) refractory to fluid and /or colloid support. Fluid-
refractory and vasopressor-resistant hypotensic patients may benefit of physiologic dosages of
hydrocortisone (1-4 mg/kg divided into 4-6 boluses per day). Intranasal oxygen (5-10 L/min) is also

indicated. Respiratory stimulants (caffeine or doxapram) are indicated in hypopneic foals and
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mechanical ventilation may be necessary if arterial pCO2 exceeds 70 mmHg. Maintenance of
physiologic levels of glycaemia is essential for survival and hypo- (<50 mg/dl) and hyperglycemia (>180
mg/dl) should be avoided. Due to insulin resistance, many foals require initial insulin support by CRI-
infusion. Sucralfate is a reasonable choice of gastroprotectant therapy as proton pomp inhibitors are not
indicated until the age of 4 weeks due increased risk of nosocomial infections. Urinary catheterization is
indicated to prevent bladder rupture in recumbent foals. Parenteral (glucose, amino acids, lipids) and
enteral support (mares or artificial milk by indwelling nasogastric tube) is often needed. Prognosis
remains reserved due to risk of severe complications (see perinatal infections). Recently, several sepsis
scoring systems have been developed to predict severity of septicemia and survival in foals, but clinical
judgement still remains highly important. An estimation of survival can be achieved by using the
Dembek’s foal survival score (FSS): a score of = 4 predicts survival; a score of < 4 predicts non-survival.
Equine neonatal septicemia can be associated with several important perinatal infections which are

discussed in the following section.

Septic encephalopathy (SAE) or sepsis-associated brain dysfunction is caused by disturbances of
neurotransmission, derangements of neuronal calcium homeostasis, direct neuronal cell injury as well
as mitochondrial and endothelial dysfunction. Clinical signs include abnormal behavior, alteration of
sleep state, disturbances of consciousness and coma. Clinical signs resemble strongly to perinatal
asphyxia syndrome (PAS) or hypoxic ischemic encephalopathy (HIE, syn.: dummy foals) which are
non-infectious causes of neonatal brain dysfunction caused by cerebral hypoxia and ischemia as well
as a dysregulation of neurosteroid concentrations. Sepsis associated bacteria, such as Escherichia coli,
Actinobacillus spp, Klebsiella spp, Streptococcus spp or Salmonella spp. may also cause a bacterial
meningoencephalitis. Beside the earlier mentioned neurological alterations, clinical signs of bacterial
meningitis include abnormal pupillary light responses, hyperesthesia, fever, nystagmus and blindness.
Definitive diagnosis of a bacterial meningoencephalitis requires CSF analysis (TNC > 7 cells/ul, TP >
120 mg/dl) and shows mostly neutrophilic pleocytosis. Treatment consist of anti-inflammatory and
antimicrobial therapy able to penetrate the blood brain barrier. Commonly used antimicrobial drugs such

as beta-lactams, aminoglycosides and ceftiofur are of little value due to limited penetration to the CNS.

Umbilical disease is common in equine neonates and include persistent urachus, patent urachus,
hematoma, herniation or umbilical infection. Umbilical infection may be limited to a local cellulitis or
infection of the interior or exterior umbilical structures. Diagnosis can be made by ultrasound of the
umbilical entities (1 vein, urachus, 2 arteries), bacterial culture (swab or aspiration) and blood culture.
Umbilical infection may be caused by hematogeneous spread of septicemic organisms or by local
invasion of environmental bacteria. Clinical signs of omphalitis/lomphalophlebitis include fever, a swollen
and warm umbilicus which may be painful on palpation or reveal purulent discharge. An infected
umbilicus can be a portal for environmental pathogens (mostly Enterobacteriaceae), which can then
lead to secondary infections such as polyarthritis, physitis or osteomyelitis. Monitoring of the white blood
cell count and inflammatory proteins as well as ultrasonographic follow up are indicated to evaluate
treatment’s efficacy. Systemic broad spectrum antimicrobial treatment and local disinfection resolves

infection in many cases. Refractory cases require surgery.
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Pneumonia in neonatal foals is mostly the result of meconium aspiration during delivery, post-partum
aspiration pneumonia of milk, bacterial infection due to septicemia or infection by inhalation. Viral
respiratory infections are uncommon in neonatal foals and occur more commonly in older foals, but
infections caused by EHV-1, EHV-4, EIV, EAV or EAdV are reported in neonates. Especially EHV-1
infections may be present in weak or premature foals with respiratory insufficiency. Fungal pneumonia
is very rare in neonatal foals, but systemic candidiasis may cause clinical sings similar to bacterial
septicemia. Most common bacterial isolates in foals suffering from pneumonia are Escherichia coli,
Klebsiella spp, Actinobacillus spp, Pasteurella spp, Streptococcus spp, Salmonella spp., Streptococcus
spp., Enterococcus spp. and Staphylococcus spp.. Aggressive and/or extensive need for ventilatory
support may predispose for bacterial colonization of the lower airways. Diagnosis is made by blood
culture and culture of transtracheal aspiration. Treatment consists of support of the ventilatory function,
correction of hypoxemia, anti-inflammatory and antimicrobial drugs. Due to possible mixed infections,
broad-spectrum therapy with sufficient lung penetration (3 generation cephalosporin) is indicated as

initial therapeutic approach.

Diarrhea or enterocolitis is a common problem in foals and can be non-infectious or infectious in origin.
The most common origin of infectious diarrhea is a rotavirus infection (20-77%) and affected foals age
ranges typically from 5 to 35 days. Common bacterial agents involved in infectious diarrhea are
commonly Clostridium difficile and Clostridium perfringens and may be characterized by transient
hemorrhagic diarrhea. Other bacterial isolates include Salmonella spp, Escherichia coli, Enterococcus
spp, Aeromonas spp and Bactereroides fragilis. As diarrhea is a common clinical finding in septicemic
foals, bacterial involvement may be present even as a non-primary enteric pathogen. Foals with diarrhea
can suffer from metabolic acidosis (lactic acidosis and enteric loss of sodium bicarbonate) and prerenal
azotemia. They are often hyponatremic and hypochloremic. Treatment is supportive and symptomatic.
It implements parenteral nutrition and a minimal enteral nutrition approach. Balanced electrolyte
replacement solutions, broad-spectrum antimicrobials, lactase enzymes, probiotics and enterally
administered di-tri-octahedral smectite adsorbents are commonly used therapeutics. Cryptosporidium
parvum or Strongyloides westeri can be parasitic causes of diarrhea in neonatal foals, but they are often

self-limiting or only relevant in case of very high exposure.

Septic arthritis, polysynovitis, physitis or osteomyelitis result from hematogeneous spread of septicemic
organisms to the synovial or bone structures. Depending on the site of infection, subdivision into type S
(synovial membrane), type E (epiphyseal subchondral bone) or type P (metaphyseal side of physis)
infection can be made. Type T infections describe premature infection of the cuboidal bones of tarsi and
carpi. Foals younger than 3 weeks of age have mostly several sites of infection, while foals older than 3
weeks have mostly only one affected joint or physis. The most prevalent bacterial isolates are
Enterobacteriaceae such as Escherichia coli, Salmonella spp., Actinobacillus equuli spp. and Klebsiella
spp., but also Staphylococcus spp., Streptococcus spp. or Rhodococcus equi can be involved.
Serosanguinous, cloudy to opaque and non-viscose synovial fluid with a TNC count exceeding 10 000
- 30 000 leucocytes/ul with more than 80% neutrophils and a TP > 4 g/dl is highly suggestive for synovial
infection. Radiographs, CT- or MRI-scans reveal information about bone changes and osteomyelitic

processes. Ultrasonography provides information about periarticular or soft tissue structure involvement.
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Therapeutic options are systemic or local antimicrobial treatment, intrathecal catheterization, regional

limb perfusion by intravenous or intraosseous injection or arthroscopic debridement and lavage.

Prognosis is generally fair to good if no other significant comorbidities or multidrug resistance are

present. However, affected foals are less likely to reach athletic performance, or attain it at later age,

than sibling controls.
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Because they are prey animals, ruminant newborns can quickly adjust to their environments,
stand and join the herd. Also, these species show robustness, hiding signs of illness as long as
possible to prevent being targeted by predators. Whereas the robustness would actually provide
calves with better survival chances, in modern farming situations their nature to hide clinical
signs often results in a too late disease detection by the producers and poorer prognosis.
Therefore, bovine veterinarians are frequently confronted with the critically ill calf. They need
to deal with these patients in field situations, without access to advanced measurement devices
and a legally limited pharmaceutical options.

Key features of the critically ill patient are severe respiratory, cardiovascular or neurological
derangement, often in combination. The different types of shock can be part of the presentation.
Especially newborns and calves aged < 3 weeks old are presented in a critically ill state. In
newborn calves, metabolic and respiratory acidosis (dystocia and maladaptation to extrauterine
live), neonatal respiratory distress syndrome, congenital heart defects, hemorrhage and
septicemia are among the most common differential diagnoses. In the first three weeks, enteritis
(Enterotoxic Escherichia coli, rotavirus, coronavirus and Cryptosporidium parvum) is the
leading disease. As a consequence, animals dehydrate, develop acidosis, ion disturbances,
malabsorption and hypoglycemia. If this situation of negative energy balance and dehydration
persists, renal failure, a cachectic state and negative effects on innate immunity develop. Very
often, calves with neonatal diarrhea, either develop pneumonia at the same time or are more
susceptible to pneumonia in later live (Pardon, 2013). Older studies show that of all calves with
diarrhea, both critically ill or not, about 30% is septicemic (Fecteau et al., 1997a). Calves are
born almost agammaglobulinemic and need to consume colostrum to assure adequate passive
transfer of immunity. However, failure of passive transfer, is very common in cattle farming
(20-40% of the animals), and one of the main risk factors for septicemia (Lofstedt et al., 1999).
In contrast to other species, calves are prone to the development of D-lactic acidosis, due to
dysbiosis (Lorenz, 2009). Signs of this condition include severe depression, tachypnea,
abnormal posture and an instable gait. A reduced or incomplete palpebral reflex was identified
as a reliable clinical indicator for the degree of D-lactic acidosis in calves (Trefz et al., 2012).
Therefore, D-lactic acidosis can be life-threatening condition as such, and an important
differential diagnosis for a septicemic calf.

This lecture aims at giving practitioners a state of the art on diagnosis and treatment of sepsis
in calves. A tone of ‘scepsis about sepsis’ will never be far away, given the current possibilities
for food animals in practice. A paper on this talk with full scientific reference is available
elsewhere (Pardon et al., 2018).

To successfully treat sepsis, early administration off appropriate antimicrobials is crucial. In
veterinary practice the critically important fluoroquinolones and cephalosporin’s are popular
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molecules for this indication, because of their bactericidal effects, broad-spectrum activity and
relatively low resistance levels. In different European countries legislation has placed the use
of critically important antimicrobials under strict terms. In Belgium for example, these
molecules can only be used in food animals when (1) the patient is examined by a veterinarian,
(2) the disease has a bacterial etiology, (3) after adequate sampling and bacteriological culture
in an accredited laboratory, (4) identification of the bacterial strain which likely caused the
infection and (5) comparison of the strains susceptibility with at least 7 other not critically
important antimicrobials, belonging to at least 5 different antimicrobial classes. The legislation
allows the following exceptions in which critically important antimicrobials can be used
without previous laboratory confirmation: (1) if no laboratory result is reached or sampling is
impossible (in this case the veterinarian can use the molecules based on recent scientific data);
(2) if laboratory results fulfilling the first 5 requirements above are available for the same group
of animals in the same farm (valid for 6 months in veal calves, and 1 year for other cattle
operations) and finally (3) for ‘urgency’ reasons to save the life of a single animal. In the latter
case the veterinarian needs to treat the patient him/herself, after a clinical examination and
obligatory sampling and culturing. As soon as an antimicrobial susceptibility test result is
reached, re-assessment of antimicrobial therapy and de-escalation to a non-critically important
antimicrobial is obliged, whenever possible. In Belgium and the Netherlands, formularies to
advice veterinarians on their antimicrobial choice are available. Given the different advices
currently provided for the different species, it is clear that merging the priority to minimize
fluoroquinolone and cephalosporin use with the desire to work evidenced based is particularly
difficult for sepsis.

Key information is that approximately 30% of diarrheic calves is septicemic, with no further
insights on what proportion has sepsis, severe sepsis or septic shock (Fecteau et al., 1997a). To
predict sepsis, largely three published models/scoring systems for calves are available, with
reported sensitivity and specificity ranging between 39% and 77%, and 90.6% and 75%,
respectively (Fecteau et al., 1997b and Lofstedt et al., 1999). However, evaluation of these
models on a new dataset of critically ill calves, showed very poor sensitivity and specificity.
Most laboratory parameters can improve the diagnostic accuracy of these models only with
some percentages (Lofstedt et al., 1999). As in humans, procalcitonin is the most promising
biomarker for sepsis, and recently a cut off of >68 pg/mL was suggested (Sensitivity= 77%;
Specificity= 79%) (Bonelli et al., 2018). Cow-side tests or faster laboratory turnaround times
are required to make this test available for practice. The world health organization approach for
antimicrobial decision making will be applied to the case of sepsis in calves. In contrast to
humans, sepsis in calves is predominantly of gram negative origin, with mainly Escherichia
coli and to a lesser extend Salmonella spp. (Fecteau et al., 2009). The gastro-intestinal tract and
umbilicus are the most likely source of infection in calves, although no hard evidence is
available. Recommended samples for etiological diagnosis are sterile taken blood cultures
(enriched environment, eg. Bactec systems). A single, large volume sample is recommended.
In some cases of outbreaks of septicemic bacteria such as Histofilus somni, Mycoplasma bovis
or Salmonella spp. a respiratory or faecal sample might be sufficient. MALDI-TOF MS offers
promising technology to reduce the turn-around time between sampling and availability of the
antibiogram. For example, etiological bacteria can be detected from blood cultures within 3-6
hours after sampling (Morgenthaler and Kostrzewa, 2015). An antibiogram for bovine
pathogens can be available as quickly as within 3 hours after culture, with better accuracy than
the disc diffusion antibiogram (Van Driessche et al., 2018). E. coli and Salmonella spp. are both
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renowned for their accumulation of resistance genes. In our clinic, E. coli isolated from sepsis
cases show high levels of resistance to sulfonamides-trimethoprim, oxytetracycline,
doxycycline, and amoxicillin, whereas recent Salmonella spp. isolates showed little resistance.
Fast (< 1h) administration of a bactericidal, broad spectrum antimicrobial remains the
cornerstone to survive sepsis in every species. Rapid administration of cristalloids at 30 mL/kg
body weight is recommended for humans (Dellinger et al., 2017). A major difference with other
species is D-lactic acidosis in calves, which requires intensive treatment with hypertonic
bicarbonate solutions. Corticosteroids did not show benefits for survival, not in humans nor
calves (Plessers et al., 2012, Aronoff et al., 2012). In contrast to humans, in calves ketoprofen
significantly reduced the rise in temperature and respiratory rate in an endotoxin challenge
model (Plessers et al., 2016). Prognosis of sepsis in calves is poor with mortality rates ranging
between 46.8% and 77.1% in the handful of studies available (Fecteau et al., 1997b, Trefz et
al., 2017). In humans, the disastrous effect of the use of an inappropriate antimicrobial
(antimicrobial for which the bacteria are resistant) as first intention treatment on survival (-
42%) has been clearly documented (Kumar et al., 2009).

In conclusion, a lot needs to be done before bovine veterinarians will have reliable diagnostic
tests to identify sepsis patients in the field. The inverse interest of on the one hand working
evidence based and maximizing survival chances of the animal and on the other safeguarding
products for human medicine, will remain a hot topic in the years to come. The least what
practitioners can do is attempting to work as much evidence based as possible, limiting the use
of critically important antimicrobials to selected case, underbuilding their decision with a
laboratory diagnosis.

References

Aronoff, D.M. (2012). Cyclooxygenase inhibition in sepsis: is there life after death? Mediators
of Inflammation 2012, 696897.

Bonelli, F., Meucci, V., Divers, T.J., Boccardo, A., Pravettoni, D., Meylan, M., Belloli, A.G.,
Sgorbini, M. (2018). Plasma procalcitonin concentration in healthy calves and those with septic
systemic inflammatory response syndrome. Vet J, 234, 61-65.

Dellinger, R.P., Schorr, C.A., Levy, M.M. (2017). A users' guide to the 2016 Surviving Sepsis
Guidelines. Intensive Care Medicine 43, 299-303.

Kumar, A., Ellis, P., Arabi, Y., Roberts, D., Light, B., Parillo, J.E., Dodek, P., Wood, G.,
Kumar, A., Simon, D., Peters, C., Ahsan, M., Chateau, D. (2009). Initiation of inappropriate
antimicrobial therapy results in a fivefold reduction of survival in human septic shock. Chest,
136, 1237-1248.

Fecteau, G., Pare, J., Van Metre, D.C., Smith, B.P., Holmberg, C.A., Guterbock, W., Jang, S.
(1997a). Use of a clinical sepsis score for predicting bacteremia in neonatal dairy calves on a
calf rearing farm. Canadian Veterinary Journal 38, 101-104.

Fecteau, G., Smith, B.P., George, L.W. (2009). Septicemia and meningitis in the newborn calf.
Veterinary Clinics of North America Food Animal Practice 25, 195-208, vii-viii.

185



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

150
151
152

153
154
155
156
157
158
159
160
161

162
163
164

165
166
167

168

169
170
171
172

173

174

Fecteau, G., Van Metre, D.C., Pare, J., Smith, B.P., Higgins, R., Holmberg, C.A., Jang, S.,
Guterbock, W. (1997b). Bacteriological culture of blood from critically ill neonatal calves.
Canadian Veterinary Journal 38, 95-100.

Lofstedt, J., Dohoo, I.R., Duizer, G. (1999). Model to predict septicemia in diarrheic calves.
Journal of Veterinary Internal Medicine 13, 81-88.

Lorenz, I. 2009. D-Lactic acidosis in calves. Vet J 179(2):197-203.

Morgenthaler, N.G., Kostrzewa, M. (2015). Rapid identification of pathogens in positive blood
culture of patients with sepsis: review and meta-analysis of the performance of the sepsityper
kit. International Journal of Microbiology 2015, 827416.

Pardon, B., M. Hostens, L. Duchateau, J. Dewulf, K. De Bleecker, and P. Deprez. 2013. Impact
of respiratory disease, diarrhea, otitis and arthritis on mortality and carcass traits in white veal
calves. BMC Vet Res 9(1):79.

Pardon, B., Deprez, P. (2018). Rational antimicrobial therapy for sepsis in cattle in face of the
new legislation on critically important antimicrobials. Vlaams Diergeneeskundig Tijdschrift 87,
37-87.

Plessers, E., Watteyn, A., Wyns, H., Pardon, B., De Backer, P., Croubels, S. (2012). Influence
of dexamethasone and gamithromycine on the acute phase response in lipopolysaccharide-
challenged calves. Journal of Veterinary Pharmacology and Therapeutics 35, 8-9.

Plessers, E., Wyns, H., Watteyn, A., Pardon, B., De Baere, S., Sys, S.U., De Backer, P.,
Croubels, S. (2016). Immunomodulatory properties of gamithromycin and ketoprofen in
lipopolysaccharide-challenged calves with emphasis on the acute-phase response. Veterinary
Immunology and Immunopathology 171, 28-37.

Trefz, F. M., A. Lorch, M. Feist, C. Sauter-Louis, and I. Lorenz. 2012. Metabolic acidosis in
neonatal calf diarrhea-clinical findings and theoretical assessment of a simple treatment
protocol. J Vet Intern Med 26(1):162-170.

Trefz, F., Lorenz, I., Lorch, A., Constable, P.D. (2017). Clinical signs, profound acidemia,
hypoglycemia, and hypernatremia are predictive of mortality in 1,400 critically ill neonatal
calves with diarrhea. Plos One, 12 (8) e0182938.

Van Driessche, L., Bokma, J., Gille, L., Ceyssens, P.J., Sparbier, K., Haesebrouck, F., Deprez,
P., Boyen, F., Pardon, B., 2018. Rapid detection of tetracycline resistance in bovine Pasteurella
multocida isolates by MALDI-biotyper antibiotic susceptibility test rapid assay (MBT-
ASTRA). 8: 13599.

186



